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Abstract 
The landmark date that modern researchers started to focus on creativity relates to J. P. 
Guiford‟s 1950 address to the American Psychological Association. From then on, 
investigations mainly focused on individual‟s personality traits to identify their associations 
with creativity. In recent decades, social factors have gradually been defined as playing a 
crucial role in creativity. The main four factors on the performance of creative thinking 
process are: motivation, expertise, sponsorship, and communication skills.   
The creativity engine is a model that uses the analogy of a combustion engine with inputs 
(four factors) and creative outputs. The short term memory is refreshed in order to retain 
information while also supplying cues to enable the effective search of long term memory 
where solutions reside.  
In modern design processes, designers often face a design task that relates to fields they are 
relatively unfamiliar with and the knowledge accumulation they have (long term memory) is 
not specific to the design task. To compensate for this shortage, an effects database system 
named “Effect Genius” has been developed and implemented to provide problem related 
effects and principles to assist designers rapidly access to knowledge guidance from experts 
at any stage of the design process. A web information gathering and analysis function is also 
implemented to update the data in the Effects Genius and identify new proposed effects from 
published data sources. 
Two case studies were explored to evaluate the effectiveness and efficiency of the Effects 
Genius system in the idea generation process, which has three steps (keyword conclusion, 
related effects analysis, and idea generation). Some users also provided feedback on their 
usages of the system.  
The comprehensive performance of the example ideas in the two case studies and positive 
feedback from other users demonstrate that the data gathered by the information gathering 
system have potential benefits for design tasks and the Effects Genius system indeed 
stimulates the idea generation process by suggesting design-related effects. 
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1. Introduction 
1.1 Background  
In this era, new technologies rapidly spread amongst people and enrich their daily lives. For 
instance, people can gain access to the internet through multifunctional intelligent mobile 
phones at any time and place; audiences can enjoy 3D movies in cinemas; and travellers can 
record exciting moments by using high definition camcorders. More than that, these new 
technologies prosper business as well. While users are enjoying creative products that are 
already on the market, numerous new surprises are being prepared for the future. Based on 
empirical studies, innovative new products begin with the generation of creative ideas 
(Amabile, 1996; Mumford, 2000), which incorporate earlier technologies in new ways. For 
example, high definition camcorders were originally invented to use on satellites; and 
nanotechnology was developed for aviation and is used as a special fabric sources of clothes. 
Because creativity is central to innovation (Bharadwaj and Menon, 2000), in modern business, 
it is important for managers in organisations to understand the influences on creativity and 
provide essential intrinsic and extrinsic stimulations to improve the creative abilities of 
employees (Amabile, 1998).  
In this thesis, a new creativity model based on organisational societal context will be 
proposed; and a new creativity tool based on the new model will also be promoted. In order 
to present the context for this, the following work will be described. Initially, existing 
creativity definitions will be considered. Then, research on creativity will be reviewed by 
chronologically dividing the history into three stages: creative genius, psychometric creativity, 
and social creativity. Next, by considering the advantages and disadvantages of previous 
creativity research, the new creativity model will be proposed and its components will be 
explained. Following this, some creativity tools will be discussed that can be integrated in the 
new creative model. After that, the new creativity tool will be introduced. Finally, the 
expectations of future work will be outlined. 
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1.2 Creativity and creativity tools 
1.2.1 Research on creativity 
Issues related with creativity have been of concern since antiquity. Initially, creativity was 
considered to be inspired by the “Muses” who were the goodness of the inspiration of 
literature, science and arts (Sternberg and Lubart, 1999). Formal research on creativity started 
with Francis Galton, who concluded that creative abilities were largely depended on the 
essential capacities of genius. The modern research on creativity originated from the J.P. 
Guilford‟s American Psychological Association presidential address in 1950 (Guilford, 1950).  
After the landmark, psychometric approaches were used by mainstream research activities to 
examine creative phenomenon and attempted to coach creativity in the psychology of the 
person. Psychometric methods can be classified into three types: creative process, creative 
person and creative products. The methods focused on creative process mainly concern the 
divergent process. To measure the creative process and potential, various divergent thinking 
tests were developed (e.g. Structure of Intellect (SOI) model, Torrance Tests of Creative 
Thinking (TTCT), Getzels and Jakson‟s model and Wallach and Kogan‟s model). The 
methods studied personality and creative behaviours of highly creative individuals to 
determine creativity related characteristics. Analysis of previous creative products was 
considered as the bedrock of all studies on creativity and many assessment tools were 
developed to measure creative products (e.g. Consensual Assessment Technique (CAT) and 
Creative Product Analysis Matrix (CPAM)) (Plucker and Renzulli, 1999).  
Research before the mid-1970s has investigated creativity in a “social vacuum”. These 
research activities were at individual level and only related creativity with problem solving in 
daily lives, such as solving problems in a job, and answering questions in a study (Sternberg 
and Lubart, 1999). However, creativity should be important at societal levels for a wide range 
of areas where creativity has been concerned with new scientific breakthroughs, new 
masterpieces in art, and new social programmes. In the mid-1970s, psychologists started to 
pay more attention to social factors. The influences of cultural, political and economic factors 
on creativity have been widely researched. Some factors such as funding agency, research 
faculty, marketing, leadership, management, and teamwork have been studied.  
Wallas‟s (1926) identified that creative thinking process contained four steps: preparation 
(problem finding and definition, set criteria for evaluating a solution‟s acceptability), 
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incubation (unconscious process in the mind), illumination (the moment when a new idea 
emerges, also called “eureka” or “aha” moment) and verification (verify the degree to how 
the ideas satisfy the requirements). The process has two aspects: divergent thinking process 
for idea generation and convergent process for idea evaluation and selection.    
Based on previous empirical research on the process, psychologists have found some 
influences on its performance. The main four factors are: Motivation, Expertise, Sponsorship, 
and Communication skills (Amabile, 1983; Collins and Amabile, 1999; Heinze et al., 2009; 
Ericsson and Lehmann, 2011). Amabile (1983) classified motivation into two types: intrinsic 
motivation and extrinsic motivation. The first one is defined as the individual‟s intrinsic 
attitude toward a task and plays essential role in creativity. The second one is the individual‟s 
perceptions of undertaking a task for purposes and should also be considered to set the goal 
of creativity. Expertise stands for the domain-relevant knowledge, such as facts, principles, 
knowledge of paradigms, etc. Csikszentmihalyi (1996) concluded that it was practically 
impossible to make a creative contribution in a domain without internalising the fundamental 
knowledge of that domain. To even have a chance to make genuinely new innovation, it is 
necessary to have assimilated the previously accumulated knowledge and be familiar with 
earlier, similar achievements. Sponsorship includes enough budgets and the support in other 
aspects as well, such as techniques, human resource, leadership, etc. As the creativity does 
occur in a social context, communication skills are also essential for researchers to effectively 
exchange information with peers.  
1.2.2 The definition of creativity 
The definitions of creativity in dictionaries usually associate with terms: “imaginative”, 
“unusual”, “inventive”, and “new”. Creativity is defined as the outcome of our brain when it 
is motivated by internal and external active stimulations. However, the definitions of 
creativity in scientific research are more complex and multifaceted. There are various 
definitions of creativity with over 200 in the literature (Goldenberg and Mazursky, 2002). 
These definitions are different according to the elements and factors which are emphasised in 
defining and exploring creativity. By referring to these samples, creativity was defined as a 
complex interaction among several factors, such as personality traits, social factors, skills, etc.  
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As creativity is essential in the idea generation of a design process, creativity in design can be 
described in the Function-Behaviour-Structure model (Gero and Kannengiesser, 2004). 
Creativity in structure results from the incorporation of novel components or the definition of 
new relationships between components in a product that may generate new behaviours; 
creativity in behaviour could be achieved through deriving new attributes of a product; and 
creativity in function involves ascribing novel or surprising purposes to a product. Any 
changes in one aspect may or may not cause changes in the rest aspects. Creativity may result 
from these changes. 
1.2.3 Creativity tools 
Accompanied with the psychological research on creativity, many creativity tools emerged to 
stimulate the creative thinking process (Puccio et al., 2010; Vidal, 2006). For example, Alex 
Osborn created “Brainstorming” and “Checklists” that were originally used to generate new 
ideas in advertising; Genrich S. Altshuller derived the “Theory of Inventive Problem Solving 
(TRIZ)” from thousands of patents, which is generally employed to solve problems; Edward 
de Bono promoted “lateral thinking” for discovering alternative ideas and generate new ones. 
Moreover, some tools are based on models, for example, de Bono also created “six thinking 
hats” which is based on principles of human creative thinking process to analyse one way of 
thinking or hat at a time; Quality Function Deployment (QFD) is created to collect the 
customers‟ expectations; Su-Field analysis, which is one of the TRIZ tools, represents a 
complete system consisting of two substances and a field; and Function Analysis System 
Technique (FAST) identifies a basic function and models the relationships by asking “HOW” 
and “WHY” functions are performed. There are over 300 creative techniques that have been 
identified, documented and are cited in the open literature to aid designers to produce more 
creative ideas (Sanfilippo et al., 2004).  
Based on the research on the relationship between influences and creative thinking process 
and the nature of creative mental activities, Existed creativity tools can be majorly classified 
into two types.  The first type is designed to efficiently stimulate the creative thinking process 
of designers by isolating them from one or more influences that may crush creativity. This 
type mainly focuses on reducing the influences on creativity through programming the 
thinking process of brains. The typical example is brainstorming. In a brainstorming session, 
criticising ideas is forbidden. This is because criticism may embarrass the participants and 
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„jam‟ their brain activities. Without fearing embarrassment, participants can contribute all the 
ideas „appearing‟ in their mind. In this way, it increases the possibility of generating creative 
ideas. The second type of tools stimulates creative processes through supplying abundant 
sources of knowledge that are gathered by empirical studies about existing designs. Problem 
solvers generate solutions by analogy to similar cases that happened before. TRIZ is a typical 
tool that supplies 40 problem solving principles resulting from the analysis on thousands of 
patents.  
1.3 Knowledge gap  
Creative ideas are generated through the creative thinking process, in which short term 
memory is used to retain information while also supplying cues to enable the effective 
information search of long term memory. Human beings use short term memory to retain 
information for limited intervals of time, from a few seconds to several minutes (Wood et al., 
2012). During the information processing, the short term memory is responsible for 
manipulating pieces of information simultaneously (Baddeley, 2001). The long term memory 
is used to store information for a long time in its “unlimited” capacity (Ericsson and Kintsch, 
1995; Necka, 2011; Wood et al., 2012). 
For the purpose of creative idea generation, designers should have a knowledge accumulation 
in their long term memory and accumulated knowledge should be effectively accessed in the 
creative thinking process (Amabile, 1986; Wood et al., 2012). However, with the 
development of science, the quantity and complexity of knowledge has led to increased 
diversity in the category of fields (Lidwell et al., 2003). In real design processes and 
opportunities, a design task may involve various fields. Some of them may be widely related 
with many areas which designers are quite familiar with. But designers may be relatively 
unfamiliar with some fields and the knowledge accumulation they have is not specific to 
them (Lidwell et al., 2003).  
To compensate the shortage of knowledge accumulation in problem related fields, designers 
may learn the knowledge by themselves or consult experts for knowledge guidance (Wang 
and Childs, 2013a). Considering the limited attention in people‟s daily lives, in the modern 
design process, where time pressures are often dominant, limited time would be available for 
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self-study. Consulting experts, however, may be stymied by ineffective dialogue with limited 
understanding of subject subtleties or design context.         
Therefore, the main knowledge gap in this research area is to find a method to supply high 
problem related cues for the efficient information retrieving from long term memory and in 
the meantime supply knowledge support in problem related fields during the creative thinking 
process.           
1.4 Research questions and objectives 
From the reviews and discussions in the above context, the main aim of this study is to 
stimulate creative idea generation process through providing knowledge support in problem 
related domains. The literature review in this research area raised two research questions. To 
answer these research questions, seven research objectives are proposed.       
1.4.1 Research questions 
As the majority of designs stemmed from new incorporations of earlier inventions 
(Henderson, 1991), the cues supplied by exploring earlier inventions may stimulate the 
designers through supporting problem related information. Therefore, it seems valuable to 
have or to build a database that includes earlier inventions. Once designers face a task that 
relates to this field, they can directly receive task related knowledge assistance from the 
database. For the overall aims, the following two questions are identified:  
1 Is it possible to build a database to supply solid knowledge support in problem related 
fields? 
2 How effective will the knowledge support from the database be to stimulate the 
creative idea generation process?   
1.4.2 Research objectives  
To fulfil the principal two research questions, the following seven objectives are addressed:  
A. Construct an effective research methodology to realise the aim of this study. 
B. Explore previous research on creativity to understand the creative thinking process. 
 7 
 
C. Analyse influences on the creative idea generation process and illustrate the working 
steps of this process. 
D. Explore existing creativity tools and select proper ones to stimulate the creative idea 
generation process.   
E. Identify the reasons causing the limitations of knowledge accumulation in problem 
related fields during the idea generation process.  
F. Develop a creativity tool to supply proper knowledge support.   
G. Apply the tool in real design tasks to test its performance.  
1.5 Research methodologies  
1.5.1 Generic research methodologies on creativity 
By reviewing the history of the creativity research, Mayer (1999) highlighted six major 
creativity research approaches: psychometric, experimental, biological, biological, 
computational, and contextual.  Each of these approaches concern creativity through the 
following three research paradigms: describing the nature of creativity, comparing creativity 
and non-creativity, and relating factors to creativity. Table 1.1 shows a creativity research 
methodologies matrix by crossing six research approaches with three research paradigms.  
Table 1.1: Generic research methodologies on creativity (Mayer, 1999) 
Approach  and 
Paradigms 
Methodologies  References 
Psychometric 
Describe Using tests to measure creativity  
Plucker and 
Renzulli (1999) 
Compare 
Comparing talent people high in creativity with  people low in 
creativity 
Relate 
Determine relations between creativity measures and other 
measures  
Psychological 
Describe 
Identifying the cognitive processes involved in creative 
thinking process 
Ward, et al. (1999) Compare 
Comparing the cognitive process of talent people high in 
creativity with people low in creativity 
Relate 
Determine factors that affect the cognitive process in creative 
thinking 
Biographical 
Describe 
Describing a qualitative analysis of a creative person in 
history 
Weisberg (1996) 
Compare 
Provide a quantitative analysis of commonalties of case 
histories of creative people 
Relate Identify the relationship between life events in a case history 
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that foster the development of a creative person 
Biological 
Describe Describing the biological correlated of creative thinking  
Martindale (1999) Compare 
Comparing the biological characteristics of talent people high 
in creativity with people low in creativity 
Relate Determine how biological process affect creativity 
Computational 
Describe Using computer code to simulate the creative process 
Boden (1999) Compare Compare computer programs that are creative and noncreative  
Relate Determine how changes in a program affect creativity 
Contextual 
Describe Define creativity in social and cultural contexts 
Collins and 
Amabile (1999) 
Compare Compare conceptions of creativity in different cultures 
Relate 
Identify the evolutionary processes that shape human 
creativity 
1.5.2 Research methodology  
As the definition of creativity is a complex interaction among several factors, the usage of a 
combination of research methodologies is very important in the modern research on creativity 
(Mayer, 1999). The methodology used in this research was derived and customised from the 
examples listed in Table 1.1 to satisfy the seven objectives. 
 A creative thinking process model is explored to illustrate influences on idea 
generation process and the detail working steps of this process. 
Social factors may be positive or negative on creativity. Establishing a creative thinking 
process model to consider these influences in idea generation process would stimulate the 
creativity in the process. 
 A survey which uses questionnaires is designed to identify the main factors causing 
limitations of knowledge accumulation. 
Knowledge accumulation of problem related fields is essential in the idea generation process. 
Understanding the factors causing the limitations of knowledge accumulation is of value to 
finding corresponding solutions for the limitations.       
 An effects database system named “Effects Genius” is implemented to supply 
problem related effects which act as knowledge accumulation in the creative idea 
generation process.  
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An invention in one field can be transformed as the integration of coordinated fundamental 
technical effects in that field and other associated fields (Orloff, 2006). If an existing 
technical system can be explained using technical effects, then similar kinds of systems can 
also be built by using these effects. A technical effect can be used to design a multitude of 
technical systems that differ in form, topology and material as an effect can be materialised in 
several topologies, each topology in several forms and each form in several materials (Zavbi 
and Duhovnik 2000).  
 To maintain efficiency and effectiveness of the system, an information retrieving and 
analysing function is implemented in the system. 
As the complexity and variety of modern knowledge fields continually increases with the 
development of science, new effects or principles may be proposed and some existing ones 
may be redefined. With information gathering and analysis, valuable information could be 
retrieved from published data sources to identify new proposed effects and update the data in 
the system. 
 The Effects Genius system is applied in two industrial case studies to test its 
performance in a design environment.     
The two projects used to study the performance of the Effects Genius system are: helmet 
design for the Indian market and chain spill in the Royal Albert Hall. The system would be 
used in the idea generation process of the two projects in combination with other creativity 
tools. The idea generation process would follow the creative thinking process. The 
performance of the system would be assessed by idea evaluation on the ideas generated.   
1.6 Thesis structure   
Table 1.1 presents the relationship between the chapters of this thesis, research objectives and 
methodologies. Based on the proposed 7 research objectives and depended on the selected 
five research methodologies, this thesis will be divided into 7 chapters to demonstrate the 
whole research.     
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Table 1.2: The relationships between chapters, research objectives and methodologies 
Chapters Stage of research objectives Stage of research methodologies 
Chapter 2-
creativity 
research 
Explore previous research on 
creativity to understand the creative 
thinking process. 
A creative thinking process model is built to 
illustrate the main influences on creative idea 
generation process and the detail working 
steps of this process. 
Chapter 3-
creativity 
engine 
Analyse influences on the creative 
idea generation process and 
illustrate the working steps of this 
process. 
Chapter 4-
creativity 
tools 
Explore existing creativity tools and 
select ones to stimulate the creative 
idea generation process. 
 
Chapter 5-
useful effects 
Identify the reasons causing the 
limitations of knowledge 
accumulation in problem related 
fields during the idea generation 
process. 
Develop a creativity tool to supply 
solid knowledge support. 
A survey is designed to identify the main 
factors caused the limitations of knowledge 
accumulation. 
An effects database system named “Effects 
Genius” is implemented to supply problem 
related effects which act as knowledge 
accumulation in the creative idea generation 
process. 
To maintain efficiency and effectiveness of the 
system, an information retrieving and 
analysing function is implemented in the 
system. 
Chapter 6- 
Effects 
Genius 
System 
Chapter 7-
case studies 
Applying the tool in design tasks to 
test its performance. 
The system is applied in two industrial case 
studies to test its performance in the real 
design environment. 
Initially, the literature review of previous research on creativity is presented in Chapter 2. The 
history of research on creativity can be chronologically divided into three periods: creative 
genius, psychometric creativity and social creativity. The main contributions of each period 
are also presented separately. Then, based on the literature review, a creative thinking process 
model, named the creativity engine, is presented in Chapter 3. Using the analogy of a jet 
engine with a series of inputs in order to generate thrust, the creativity engine model “absorbs” 
the required four factors: Motivation, Expertise, Sponsorship, and Communication skills and 
„jets‟ creative outputs. Besides the instructions of the components of the system, the working 
theory, working process of the model are also illustrated and analysed in detail. Following 
this, to provide effective creativity tools to aid the creativity engine, Chapter 4 reviews the 
research on creativity tools. Typical classification works on existing creativity tools are 
presented and popular well-known creativity tools are listed. However, none of these 
creativity tools specifically fit with the working principle of the creativity engine. It is 
essential to develop one.  
 11 
 
Chapter 5 proposes a creativity tool called the Effects Genius to aid designers to generate 
creative ideas under the support of knowledge accumulation in problem related fields. At first, 
a survey is used to identify the reasons causing the phenomenon that problem solvers lack 
knowledge accumulation in problem related fields during the idea generation process. After 
this, in order to improve access to expert information, an effects database that includes over 
300 design-relevant technical effects and principles from physics, chemistry, geometry, 
design, and psychology, has been extended to enhance use across a wide range of domains. 
The tool was developed into an e-version to provide effective selection of problem related 
effects. The implementation is illustrated in Chapter 6. The Effects Genius system has two 
main parts: information gathering and analysis function and Effects Genius system. The first 
part is designed to collect information from the internet and write valuable data into the 
database, which are used to periodically refresh and update the data in the database. The 
second part is to provide problem related effects to the user. These effects act as the 
knowledge accumulation in the idea generation process. 
The system is applied to two case studies to test its performance in the design environment as 
described in Chapter 7. The processes of both cases are presented in detail and the creative 
outputs evaluated. Finally, in Chapter 8, conclusions of the research study are given along 
with suggestions for future work which are worthy of being explored. 
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2 Creativity research  
2.1 Introduction  
Why someone is able to generate more wonderful ideas than others and why someone can 
produce more attractive products than peers are topics of interest. These issues related with 
creativity have been of concern since antiquity. The modern research on creativity originated 
from J.P. Guilford‟s American Psychological Association (APA) presidential address in 1950 
(Guilford, 1950). From then on, psychologists started to pay attention to research on 
creativity. In the following decades, various research activities across different disciplines 
have been focused in order to search what creativity is and how it happens. Till nowadays, 
creativity has been regarded be important at both individual and societal levels and for a wide 
range of areas (Sternberg and Lubart, 1999). For example, at the individual level, creativity is 
related with problem solving in a job and daily life. At the societal level, creativity has been 
concerned with new scientific breakthroughs, new masterpieces in art, and new social 
programmes.  
However, many other issues still need further research. For example, the definition of 
creativity, how it happens, can everyone be creative or is creativity just limited to some 
certain people only? In considering insights on the nature of creativity, it is worth knowing 
the history development of the research on creativity. In this chapter, literature related with 
creativity has been reviewed and analysed as follows: 
1. Previous creativity research has been explored and divided into three periods: creative 
genius, psychometric creativity and social creativity. 
2. Some existing definitions of creativity are explained and compared. 
3. The creative thinking process is investigated. It contains two aspects: divergent 
thinking and convergent thinking.  
4. This section explores how creativity is performed in design.        
2.2 An overview of creativity research 
Research before Guilford‟s address mainly focused on creative genius. A large part of 
research activities in the decades after the landmark relied on the psychometric approaches. 
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In recent decades, research has been more concerned with the social issues related with 
creativity. The research history on creativity discussed in this chapter is chronologically 
divided into three periods: creative genius, psychometric creativity and social creativity.     
2.2.1 Creative genius  
The concern for creativity emerged a long time ago. Initially, creativity was originally 
associated with mystical good fortune. With the development of natural science, the concept 
of research was gradually established and the research on creativity began with understanding 
the world around us (Albert and Runco, 1999). During this period, creativity was usually 
addressed within discussions of a genius, who had special talent or unusual abilities to 
generate creative ideas. In this Section this period is divided into three sub-periods: 
mysterious period, dawn period and early stage research on creativity.    
2.2.1.1 Mysterious period   
The origin of creativity has been associated with mystical beliefs in human history (Boorstin, 
1992). In ancient Greece and Rome, a creative person was seen as a vessel filled with divine 
inspiration (Sternberg and Lubart, 1999). Creativity was inspired by the “Muses” who were 
the inspiration of literature, science and arts. The creative abilities of a person were decided 
through “the kinship and sharing qualities of God”. Many creative people described that the 
ability to be creative just happened. Therefore, in Western tradition, creativity is more like a 
gift from “God”.  
However, in the ancient Eastern tradition, the goal and resource of creativity in the process 
were quite different (Albert and Runco, 1999). In the main influential systems of thought, 
such as Hindus, Confucius, Taoists and Buddhists, creation was regarded as a kind of 
discovery or mimicry (Chan, 2011). It was impossible to create something from nothing. For 
example, as one of the most mainstream thoughts in China and other Asian countries (e.g. 
Japan, Korea, Vietnam, etc.), Confucianism has a very important thought “review and reflect 
on the old in order to find out the new” (Chan, 2011). In other words, a person should always 
acquire and build new knowledge on the basis of what he or she was known.  
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2.2.1.2 Dawn period  
Creativity was regarded as a “gift” from Muses and possessed by genius only. This belief had 
been the mainstream until the Renaissance (Montuori and Pickering, 1995), when two 
profound intellectual perspectives, the Enlightenment and Natural Science, made people 
gradually accept a new belief: creativity is a genetic inheritance (Albert and Runco, 1999). In 
this period, the main debates were focused on the difference between intellectual genius 
(talent) and creative genius (original genius) (Becker, 2011). By the end of the eighteenth 
century, the differences between talent and original genius were concluded. A person may 
have talent of one sort or another which would be developed from education. Original genius 
was a genetic inheritance and was to be exempt from the rules, customs and obligations that 
applied to the talented. But still no concept of creativity existed at this time (Albert and 
Runco, 1999). 
2.2.1.3 Early stage research on creativity  
The basic characteristics of creativity were seriously brought into focus by Francis Galton, 
who has been regarded as the initiator of the scientific study on creative genius and 
terminated the tie between creativity and mysticism (Simonton, 2003). From the late 
nineteenth century, based on the natural selection theory proposed by Darwin (1859), Galton 
(1874) defined the broad evolutionary diversity through measuring manifested specific 
individual differences. He had concluded that creative abilities were largely dependent on the 
essential capacities of genius (Galton, 1883).      
Following Galton‟s work, Binet and Spearman undertook empirical investigations on 
intelligence tests with Binet‟s test (Brody, 1992). Based on Galton‟s conceptual framework, 
Terman (1924) updated the test in three aspects. The first one is that the tests were intended 
to explain individual differences perspicuously to establish general principles; the second one 
is that the tests were simple and laconic; and the final one is that the tests had a practical aim 
that it had to do with technology rather than with science. Guilford (1986) observed Terman‟s 
project could be used to scale people along a dimension. Cox (1926) extended Terman‟s test 
to a sample of eminent individuals between the year 1450 and 1850. The most quoted 
conclusion that she promoted was “youths who achieved eminence are characterised not only 
by high intelligence traits, but also by the persistence of motive and effort, confidence in their 
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abilities, and great strength or force of character” (Cox, 1926). Albert and Runco (1999) 
indicated that her work was more advanced because of broader, larger objectives, expert‟s 
ratings for her criteria of eminences, and acceptable conclusions. They also appraised Cox‟s 
contributions as the criteria of standardised measures of mental ability. Before Guilford 
converted the research of creativity into psychology in 1950s, Boden (1994) emphasised that 
creativity in this stage was strictly associated with the highest levels of creation, which were 
those that introduced novelties, generated new thoughts, and constituted landmarks in the 
history of a domain or even the history of humanity. By focusing on the high level creative 
breakthroughs it makes creativity research ignore the ordinary creativity and common 
creative experience. Schaffer (1994) argued against the mythologies of the genius was “too 
easy to demystify these images of the genius” by investigating the images of “culture hero” 
or the “fetishism” of discovery.  
In conclusion, the research on creativity at this stage mainly focuses on the genius per se in 
history. It detaches those individuals from communities. As creativity is a potential ability of 
every individual, researchers gradually converted attention on „normal‟ individuals and tried 
to identify the characteristics of creativity. 
2.2.2 Psychometric creativity  
During the study of human creativity, several distinct approaches are used to examine 
creative phenomenon and attempted to coach creativity in the psychology of the person 
(Glaveanu, 2010). As the best predictor of future creative behaviour may be past creative 
behaviour, it is possible to construct an inventive inventory that included the traits and 
attainment approaches (Colangelo et al., 1992). Another popular research approach was 
creative cognition (Ward et al., 1999), which was to advance the scientific understanding of 
the characterisation of the fundamental cognitive operations and process underlying creative 
thoughts (Sternberg and Lubart 1999).  
The psychometric approach directly measures the correlations between creativity and 
individuals. Previous psychometric studies of creativity formed the foundation of current 
understandings of creativity (Plucker and Renzulli, 1999). Psychometric methods have been 
applied to creativity research activities in three specific areas: investigations into creative 
process, personality traits of creativity, and characteristics of creative products. 
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2.2.2.1 Creative process 
Torrance (1968) described creativity as a process and promoted using divergent thinking tests 
to evaluate the creative thinking abilities of problem solvers. Divergent thinking is primarily 
used to as a measure of creative process and potential (Hunsaker and Callahan, 1995). During 
a standard divergent thinking test, individuals are required to produce several responses to a 
specific question. Fruitful psychometric approaches were developed to investigate divergent 
thinking (Mayer, 1999). Two famous tests were Structure of Intellect (SOI), and Torrance 
Tests of Creative Thinking (TTCT) (Plucker and Renzulli, 1999). In SOI, the concept 
“divergent production”, which is known as divergent thinking, was promoted to organize all 
of human cognition along three dimensions: Operation, Contents and Products (Guilford, 
1967). The TTCT, which is based on some aspects of the SOI (Sternberg and O‟hara, 1999), 
contained two models: figural and verbal. Both of them scored divergent thinking through 
four aspects: fluency, flexibility, originality, and elaboration of ideas (Torrance, 1974). In 
addition to the aforementioned tests, the divergent thinking tests developed by Getzels and 
Jackson (1962) and Wallach and Kogan (1965) were also wildly used, and were both very 
similar to the SOI tests (Sternberg and O‟hara, 1999). Getzels and Jackson‟s tests included 
word association, embedded Figures, story completion, and problem construction tasks; and 
Wallach and Kogan‟s tests measured creativity through instance, similarities, alternative uses, 
pattern meanings, and line meanings. By criticising the test-like situations that Getzels and 
Jackson used in the test, Wallach and Kogan supported a series of game-like and untimed 
tests (Sternberg and O‟hara, 1999). These divergent thinking tests were convincingly used to 
measure the performance of individuals in creative process. 
The scoring of divergent thinking tests involved: fluency, originality and flexibility (Runco, 
2011). Fluency represents the number of ideas given. A score for originality might be 
calculated after determining the statistical infrequency of each idea. Flexibility score 
precludes rigidity in problem solving. Torrance (1995) proposed an elaboration index scoring 
system to evaluate divergent thinking tests. Runco (2012) developed a scoring system using 
ideational pools to evaluate the performance of examinees by judging the pools rather than 
individual ideas.          
However, researchers also occasionally noted that scores on divergent thinking tests were 
susceptible to conditions under which tests were administered (Clapham, 1996; Runco, 2011). 
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Torrance (1968) discovered that students‟ TTCT scores were affected after school climate 
changed because of socialization. Examinees from an isolated area might have poorer 
performance than people from a modern area when they answer the same question e.g. “list 
things that move on wheels” (Runco, 2011). This situation may cause a problem that children 
with outstanding divergent thinking abilities might be overlooked because the test relied on 
traditional abilities. More than that, divergent thinking tests assess the idea generation 
abilities of human beings, which is only one part of the creative process (Runco, 1991).  
Therefore, other abilities of human beings in the idea generation should also be considered in 
the study of creative thinking. 
2.2.2.2 Creative person  
Empirical studies on creative personality have been conducted since the 1950s. The most 
famous one is Guilford‟s work (Oztunc, 2011). To understand the basic nature of creativity, 
he emphasised intelligence and believed that “when a person had high IQ, he could be almost 
anywhere in the range for creative talent” (Guilford, 1950, 1967, 1986). His approach 
provoked psychologists to focus intensively on personal traits and their linkages to creativity 
in the following decades (Amabile, 1996). In the study of Barron and Harrington (1981), 
intelligence was proved as an insufficient condition for creativity; and, therefore, people with 
high IQ were not necessarily creative as well. However, Sternberg and O‟hara (1999) 
revealed that intelligence and creativity were certainly related in some aspects, such as 
synthetic, analytical and practical. But psychologists had not reached a consensus on exactly 
what all these aspects were. 
Colangelo et al., (1992) proposed that “the best predictor of future creative behaviour may be 
past creative behaviour”. They constructed an inventive inventory that included the traits and 
attainment approaches. Another popular research approach was creative cognition (Ward et 
al., 1999). The goals of this approach were to advance the scientific understanding of the 
characterisation of the fundamental cognitive operations and process underlying creative 
thoughts (Sternberg and Lubart, 1999). All these approaches commonly attempted to research 
creativity in the psychology of the person (Glaveanu, 2010).  
Davis (2004) concluded some personal traits of creative people as follows: awareness of their 
creativity, originality, independence, risk taking, personal energy, curiosity, humour, 
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attraction to complexity and novelty, artistic sense, open-mindedness, need for privacy, and 
heightened perception. Apart from those, tolerance for ambiguity (Sternberg, 1988), strong 
intuitive nature and patience (Barron, 1999), articulateness and verbal fluency, and a good 
imagination (Tardif and Sternberg, 1988) were also often mentioned as personality 
characteristics of a creative individual. Oztunc (2011) indicated four traits were taken into 
consideration in any discussion of creativity. These were introversion, internal locus of 
control, intrinsic motivation and self-confidence.  
 Introversion 
This term represents a state of being wholly concerned with one‟s own mental life (Jung, 
1995).  It was found in the personality literature of artists and scientists. Roe (1946) showed 
that the scientists who were more creative were also more introversive than scientists who 
were less creative.   
 Internal locus of control 
The locus of control is related to ideas about what is the source of reinforcement for 
someone‟s own behaviour (Rotter, 1966). Based on the previous decades of research on the 
relationship between creativity and internal locus of control, creative people seem to be more 
internally oriented than less creative people (Oztunc, 2011).  
 Intrinsic motivation 
Intrinsic motivation is defined as the individual‟s intrinsic attitude towards a task (Amabile, 
1983). It can be seen as rooted in normal human curiosity and is the inherent satisfaction that 
we derive from productive, engaging, personally challenging activity. Torrance (1987) 
indicated that people performed more creatively when they were doing what they loved. In 
psychological research on creativity, intrinsic motivation could boost the level of creativity 
(Hennessey and Amabile, 1988). 
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 Self-confidence  
In our society, competition is an essential factor in achieving success. Self-confidence is very 
important in keeping people‟s thought independent from others‟ influence. This characteristic 
helps creative people avoid the influence of others and environment (Storr, 1989).   
In this psychometric study, creativity related characteristics are determined through studying 
personality correlates of creative behaviours of highly creative individuals (Plucker and 
Renzulli, 1999). Then, these traits are compared with other children or adults under the 
assumption that individuals who compare favourably are predicted to achieve creative 
accomplishment (Gardner, 1994). This psychometric study mainly focuses on measuring 
facets of creativity associated with creative people. But due to individual differences, it was 
difficult to set a universal criterion to predict such creative accomplishment. 
2.2.2.3 Creative products  
Creative products are usually the outcome of creative processes of creative persons. 
Briskman (1980) indicated that the analysis of creative products and related evaluation were 
indispensible in identifying a creative person and creative processes. MacKinnon (1978) 
argued that the bedrock of all studies on creativity was the analysis of previous creative 
products. He proposed five criteria for creativity in products: originality, appropriateness, 
aesthesis, transcendence, and realisation. 
To measure creative products, researchers have established many assessment techniques. A 
famous one is the Consensual Assessment Technique (CAT) developed by Amabile (1983). 
In the assessment, participants are asked to create something within provided parameters. 
Then, judgers, who are experts in the related fields, evaluate these designs based on their own 
criteria. This technique has been often used to evaluate art works. Another famous 
measurement method is the Creative Product Analysis Matrix (CPAM) completed by 
Besemer (1998). This technique contains 125 criteria to measure creative products in three 
dimensions: novelty, resolution and style. Novelty represents the newness of the product both 
in and out of field. Resolution means the degree to which the product satisfies the 
requirements the problem. Style stands for the appearance of the products. This technique has 
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been widely used to analysis the characteristic of the products by many fields such as 
business, education, engineering, and management (O‟Quin and Besemer, 2011).    
After Guilford‟s address in 1950, various psychometric methods had been used to study the 
creativity of a creative person, creative process and creative products (O‟Quin and Besemer, 
2011). By referring to reliable psychometric approaches, psychologists intended to establish a 
creativity criterion to check the predictive power of these approaches (Cattell and Butcher, 
1968). Taylor and Holland (1964) noted “a great need in creativity research for predictive 
studies which use a very wide variety of potential predictors, and then, after a suitable follow-
up period, utilize good external criteria of creativity”. However, Wallach (1976) found that it 
was difficult to set such a universal criterion due to individual differences. Runco (1991) 
analysed these differences and addressed that experts could establish criterion validity by 
comparing different methods of measuring creativity. Unfortunately, the use of expert judges 
in the analysis caused a new problem. Experts were unable to precisely score the creative 
products of other individuals due to lack of knowledge in the target domain, unfamiliar with 
the skill of the subjects and ambiguities about the purpose of the assessment (Amabile, 1996).  
In conclusion, after over 30 years of investigation in psychometric approaches, the criterion 
validity was still blocking the extension of psychometric creativity research (Plucker and 
Renzulli, 1999). Glaveanu (2010) argued that the main reason may be that these theoretical 
models and psychometric approaches investigated individual personality traits in a “social 
vacuum” and described creativity as a quality of the “lone individual”. Social networks 
sparked an individuals‟ thinking and identified their achievements (Csikszentmihalyi, 1996). 
In the mid-1970s, psychologists started to investigate the role of social factors in the 
creativity (Hennessey, 2003a). 
2.2.3 Social creativity  
Csikszentmihaly (1996) indicated that even the most eminent creator works within a social 
context. Westwood and Low (2003) also said “creativity takes place within, is constituted and 
influenced by, and has consequences for, a social context”. This is because creative 
individuals have to effectively communicate their ideas and thoughts to other peers 
(Simonton, 1999; Ohly et al., 2010; Pelz and Andrew, 1966). In order to reject and adopt 
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more systemic ways of research on creativity, psychologists promoted a new approach: social 
creativity to investigate the social nature of creativity (Purser and Montuori, 2000).  
The formal social psychology of creativity was proposed by Teresa Amabile at the beginning 
of 1980s (Glaveanu, 2010). In Amabile‟s componential framework of creativity, it is 
comprised by domain-relevant skills, creativity-relevant skills, and task motivation (Amabile, 
1996). In the model, social factors were defined as having a “crucial role in creative 
performance”. Her conclusion stated that intrinsic motivation (doing something interesting) 
might increase creativity, while extrinsic motivation (the motivation to do something for an 
external purpose) might decrease creativity (Amabile, 1996; Hennessey 2003a). Apart from 
motivation, Simonton (1975, 1976, 1999) investigated the impact of cultural, political and 
economic factors on creativity by analysing the personal life of creative people throughout 
history. Amabile (1996) appraised Simonton‟s contribution as “the largest systematic 
programme of research in the social psychology of creativity”.  
However, Glaveanu (2010) argued that, in Amablie‟s work, creativity was mainly regarded as 
an individual level phenomenon “conditioned” by social factors; and Simonton‟s work paid 
too much attention to larger social contexts. Actually, Stein (1975) indicated that social 
creativity was a process that unravelled the relationship between self and others, self and 
environment. Thus, a preferable social psychology of creativity may be composed by both 
individuals and societal structures (Glaveanu, 2010).    
A well-known example that satisfied this perspective is offered by Csikszentmihaly (1996, 
1999). In his models of creativity, he proposed the connections in creativity between a person 
(his/her genetic pool and personal experience), a field (social system) and a domain (system 
of symbols, related to the idea of culture). The reasons why his model is essential in the 
research on social creativity are that the interconnection between the self and the environment 
was recognized and also the contextual and generative nature of creativity was stressed.  
Glaveanu (2010) concluded the advantages of social creativity as follows: firstly, 
psychologists contextually described creative acts in detail and comprehensively defined the 
creative process in all its complexity; secondly, the research on social creativity included both 
the work on creative genius and creative person; and thirdly, social factors could stimulate 
creative behaviour which was regarded as dependent on innate abilities and personality traits. 
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Although Runco (1999) doubted that “social noise” might affect the inner dynamic of 
creativity, it is a common view that creativity is a social process (Ohly et al., 2010).  
In recent years, social creativity mainly focused on institutional and organisational influences 
on creativity (Heinze et al., 2009). The institutional influences were the relationships between 
two or more organizations, such as the funding agency, research faculty and marketing. 
Organisational influences concerned the hierarchy level or the arrangements inside one 
organization, such as leadership, management, and teamwork.  
2.3 The definition of Creativity 
Searching the definition of creativity in dictionaries, there are various explanations (shown in 
Table 2.1). It seems that the definitions of creativity usually associate it with the terms: 
“imaginative”, “unusual”, “inventive”, and “new”.  
Table 2.1: Some definitions of creativity in dictionaries 
Reference dictionaries  Explanations of creativity 
Oxford dictionary (2013) 
The use of imagination or original ideas to create something; 
inventiveness. 
Cambridge dictionary (2013) Producing or using original and unusual ideas 
Longman dictionary (2013) 
The ability to use your imagination to produce new ideas, making 
things, etc. 
Collins dictionary (2013) 
1. Having the ability to create; 
2. Imaginative or inventive. 
Unlike the definitions in dictionaries, creativity definitions in scientific research are more 
complex and multifaceted. It is hard to define a universally accepted one. The definitions 
given in published literature may only emphasize one or some elements or factors which were 
considered essential to be assessed. The followings are some examples.  
1．J. P. Guilford  
Based on the investigations done by the Aptitudes Research Project, Guilford (1986) 
developed the SOI model. In this model creativity refers to creative peoples‟ traits which 
determine whether or not the individuals have the power to generate worthy creative outputs. 
These traits are: sensitivity to problems, fluency, flexibility, novelty, synthesis, 
reorganization or redefinition, complexity, and evaluation. A creative person is the one who 
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exhibits these traits to a marked degree in creative behaviours, such as inventing, designing, 
contriving, composing, planning, etc.  
2．T. M. Amabile 
Amabile (1996) updated the model of creativity she promoted in 1983. In the new version, 
apart from the original three components: domain-relevant skills, creativity-relevant 
processes, and task motivation, she also considered the influence of social environment on 
the task motivation. Domain-relevant skills include expertise on knowledge about the domain 
in questions, technical skills required by the given domain, and talent referred to an 
individual‟s natural aptitude which clearly distinguishes him or her from general population. 
Creativity-relevant processes (in 1983‟s version, it is called creativity-relevant skills) 
contains cognitive styles characterised  by abilities in comprehending complexities and 
breaking set behaviour or outcomes during problem solving process, knowledge of heuristics 
for ideas generation, work styles conducive to creative production, and personality traits 
identified with creative behaviour. Task motivation has two elements: intrinsic motivation 
that arises from the individual‟s positive desires to do something and extrinsic motivation that 
arises from external sources.  
3．H. Gardner 
Gardner (1993) examined the creative breakthroughs of seven remarkable individuals: 
Sigmund Freud, Albert Einstein, Pablo Picasso, Igor Stravinsky, T.S. Eliot, Martha Graham, 
and Mahatma Gandhi. By focusing on the significant breakthroughs of these eminent experts, 
Gardner offered the definition of creativity as a person who regularly solves problems, 
designs products, or defines new concepts in a domain in a way that is initially unaccepted 
but that ultimately becomes accepted in a particular cultural setting. 
4．E. P. Torrance 
Torrance (1974) defined creativity as a process. Initially, problem solvers become sensitive to 
problems, deficiencies, gaps in knowledge, missing elements, disharmonies, etc.; then, they 
identify the difficulty; and then, they search for solutions, making guesses, or formulating 
hypotheses about the deficiencies; following, they iteratively test these hypotheses and 
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possibly modify and retest them; and finally they communicate the results. He also invented 
the TTCT to score the level of people‟s divergent thinking. 
5．S. A. Mednick 
Mednick (1962) considered creativity as the new incorporation of associative elements which 
either meet requirements or are in some way useful. He believed that ideas were already in 
one's mind and creativity involved the unusual but original combinations of these ideas to 
form new ones. His view point is that “the more mutually remote the elements of the new 
combination are; the more creative the process or solution is”. 
6．D. J. Treffinger, S. G. Isaksen, and B. K. Dorval 
Treffinger et al. (2000) emphasised that both creative and critical thinking are important 
during successful problem-solving and decision-making, in which these two thinking styles 
harmoniously work together. In their definition, creative thinking involves the following two 
steps: facing gaps, paradoxes, opportunities, challenges, or concerns; and then defining 
valuable new connections by generating many possibilities which are varied possibilities 
(from different viewpoints or perspectives), unusual or original possibilities, and details to 
expand or enrich possibilities. Critical thinking involves: initially, examining possibilities 
carefully, fairly, and constructively; then focusing thoughts and actions by organising and 
analysing  possibilities; and then, refining and developing promising possibilities; following, 
ranking or prioritizing options; and finally, choosing or deciding on certain options.  
7．M. Rhodes 
Based on reviewing over 60 general definitions of creativity, Rhodes (1961) proposed that 
creativity involves four essential factors: person, process, product, and press. Person means 
traits, attributes, or characteristics of the creative personality; Process stands for elements of 
motivation, perception, learning, thinking, and communicating that creative people use to 
produce new inventions; Product represents the creativeness level of a product; and press 
equals the environment, in which the person works, that may be conducive to or inhibitive of 
the creative level of the person. 
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8．M. Csikszentmihalyi 
Csikszentmihalyi (1996) defined creativity as “some sort of mental activity, an insight that 
occurs inside the heads of some special people”. He interviewed many people who are 
eminent in their own fields. According to the results analysed, he concluded that creative 
people had ten pairs of antithetical traits: physical energy and quiet, smart and naive, 
playfulness and discipline, imagination and reality, extroversion and introversion, humble 
and proud, masculine and feminine, rebellious and independent, passionate and objective, and 
suffering and enjoyment. He also defined a term “flow” to describe “the quality of experience 
which keeps people‟s motivation when they were involved with the activity”. The flow 
experience can help creative individuals concentrate on generating creative ideas. 
9．D. K. Simonton  
Simonton (1999) investigated creative genius in history by focusing on six developmental 
variables: birth order, intellectual precocity, childhood trauma, family background, education 
and special training. Based on the historiometric inquiries, he proposed the social psychology 
of phenomenal creativity and emphasised that “creativity is by no means an autistic activity”. 
Creative genius had to operate within a social context. This context included four aspects: 
cultural factors, societal factors, economic factors, and political factors.  
10.  R. J. Sternberg and T. I. Lubart 
Sternberg and Lubart (1999) proposed that creativity must be researched at both - individual 
and societal levels. At the individual level, creativity is involved with the personality traits 
and knowledge background; and at the societal level, creativity could accelerate the 
development of society, such as new scientific findings, new inventions, and new social 
programs. They concluded that, in psychology, there were six approaches to research 
creativity: mystical, psychoanalytic, pragmatic, psychometric, cognitive, and social 
personality. The personality attributes of the creative person are “tolerance for ambiguity, 
willingness to surmount obstacles, willingness to grow, intrinsic motivation, moderate risk 
taking, and desire for recognition”. 
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By referring to the above 10 sample definitions, it is evident that they are differences 
according to the elements and factors which are emphasised in defining and exploring 
creativity. In Table 2.2, the sample definitions are classified into three categories. The 
primary factors vary with the emphasis in the definitions; and the assessing methods are 
selected according to these factors. Creativity is the outcome of our brain when it is 
motivated by internal and external active stimulations. Referring to these samples, creativity 
is defined as a complex interaction among several factors, such as personality traits, social 
factors, skills, etc. 
Table 2.2: Sample definitions of creativity and their implications for assessment 
Emphasis  
Sample 
definitions 
Focus Implications for assessment 
Personality  
Guildford, 
Mednick, 
Torrance, 
Treffinger et al. 
The level of creative thinking or 
the skills of problem solving   
Scoring the level of creative 
thinking and testing the skills 
of problem solving  
Environment 
Csikszentmihalyi, 
Gardner, 
Sternberg and 
Lubart 
Personal growth, creative context, 
outcomes, or creative 
accomplishments 
Assessing the level of the 
creativeness of 
accomplishments 
Societal 
context 
Amabile,  
Simonton,  
Rhodes  
The influence of elements or 
factors within specific contexts on 
creative person performance 
Assessing the performance of 
creative person with various 
artificial settings 
2.4 Creative thinking 
Wallas (1926) developed a four-step creative thinking process model (shown in Figure 2.1). 
These four stages are: preparation, incubation, illumination and verification.  
 Preparation  
This stage involves problem finding and definition. At this stage, problem solvers are 
expected to define the problem, understand user needs and gather any problem related 
information. Based on gathered pieces of information, it is possible to set criteria for 
evaluating a solution‟s acceptability.       
 Incubation 
This is an unconscious process in the mind. In the absence of conscious direction, ideas 
follow simple association processes and are developed bit by bit. Irrelevant associations will 
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not be reinforced while robust ones may survive long enough for an insight emerges into 
consciousness. At this stage, designers may lay the problem aside for a break. As many ideas 
have been generated after the problem is actively engaged. Designers are recommended to 
step back from the problem and let their minds manipulate it unconsciously and gradually 
work it through.  
 Illumination 
This is the moment when a new idea emerges; the moment when Archimedes jumps out of 
the bath and runs through the street when he finds the method to measure the volume of the 
crown. At this stage, designers may rest their minds and switch their focus on other activities. 
Some flash ideas may generate through the connection of concept thoughts in minds (Boden, 
1990). It is also called “eureka” or “aha” moment.        
 Verification  
The task at this stage is to verify the degree to how the ideas satisfy the requirements of the 
design task, which are concluded at the preparation stage. Designers need to generate 
evidence to demonstrate the proposed solution satisfy the requirement.    
 
Figure 2.1: The model of Graham Wallas‟ four stages creative process model (Wallas, 1926) 
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Preparation involves acquiring a large body of information. A period of incubation is typical 
during which time the information is rearranged, typically whilst one is unaware of the 
process. Next is illumination. Almost everyone is familiar with the use of a light bulb to 
symbolize the instant illumination or revelation of an idea. Finally, a phase of deliberate 
reorganisation and refinement is describable by the problem solvers to test and polish the 
final product. 
In addition, another two similar models have been developed: Rossman (1931) developed a 
7-stage model and Dewey (1933) updated the Rossman‟s model into 5-stage. Guilford (1967) 
concluded that there is no significant difference between these two models and Wallas‟s 
model. The stages 1, 2 and 3 of Rossman‟s 7-stages model (observation of a need or 
difficulty, analysis of the need and survey of all available information) equal the preparation 
stage of the Wallas‟s model. The stage 4 and 5 (formulation of objective solutions and critical 
analysis of the solutions) could be regarded as the incubation process. The stage 6 (birth of 
the new invention-the idea proper) is similar as the illumination stage and the final stage 7 
(experimentation to test out the idea) involves the same issue as the verification process.  
The creative thinking process was formally distinguished by Guilford into two aspects: 
divergent thinking and convergent thinking. Initially, main research activities focused on 
divergent thinking, which was seen as synonymous with creative thinking. However, with the 
developments of research on creativity, convergent thinking is widely accepted as another 
part of creative thinking process. As the final creative outputs should fit with the 
requirements of the design task, it is important to evaluate ideas from divergent thinking 
process and choose adequate ones.   
2.4.1  Divergent thinking    
Guilford is regarded as the first person to emphasise the value of divergent thinking and he 
also undertook earlier research on this topic (Runco, 2011). Detailed analysis on divergent 
thinking is referred to in Section 2.2.2.1.  
2.4.2 Convergent thinking 
Convergent thinking involves evaluation, analysis, synthesis and interpretation of ideas to 
provide a judgment idea selection (Villalba, 2011). In creativity research, the research on 
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convergent thinking is psychologically oriented and focused on the analysis and identification 
of central issues and assumptions (Villalba, 2011).  
In the creative thinking process, convergent thinking usually occurs after a phase of divergent 
thinking. For example, in a typical brainstorming session, participants are requested to 
generate ideas without considering the quality, which would be bred by the quantity (Osborn, 
1953). Criticism, evaluation, or judgement (convergent thinking) is forbidden during the 
whole session. This encourages people to come up with and offer ideas without fear of 
criticism, ridicule or judgement (Osborn, 1963). In fact, convergent thinking may be involved 
in idea generation process at an early stage, as in the idea generation process, the preparation 
work is problem finding and identification, which is included in convergent thinking 
(Villalba, 2011).  
2.5 Creativity in design 
The development process of human society could be regarded as various numerous design 
processes, such as designing cities for gatherings, designing houses for accommodation, 
designing clothes, etc. as creativity is very essential in the idea generation of the design 
process, it is worth to consider how creativity performs in design processes.    
Gero and Kannengiesser (2004) promoted a Function-Behaviour-Structure (FBS) model to 
describe different aspects of a design process. Creativity in design is usually described in 
these three aspects (Gero and Kannengiesser, 2011). 
 Function (F)  
The function of a product represents the aims and goals of the product. For example, the 
function of building is typically providing safety, comfort living or working place for human 
beings. The function of word processing software concerns time efficient, text production and 
formatting. 
 Behaviour (B) 
Behaviour stands for attributes that are derived from the structure of a product. The behaviour 
of a building concerns its strength, height, cost, etc. 
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 Structure (S) 
The structure of a product refers to its components and interrelationships. The structure of a 
building includes the geometry of walls, floors, roof, doors, windows, and electrical systems. 
2.5.1 Creativity in function  
Creativity in function involves ascribing novel or surprising purposes to a product (Gero and 
Kannengiesser, 2011). For example, a mobile phone is designed for distance communication. 
The smart phone creatively combines other functions such as entertainment, and personal 
digital assistance, which are very successful on the market.  
Creativity in function may cause changes of behaviour or structure. A new function for a 
smart phone may require the update of the hardware, such as new CPU, memory disc, camera, 
touch-screen, etc. to support these new functions. Based on updated structure, new behaviour 
may emerge, such as taking photos, installing apps, recording document, etc. If the new 
function is just a changed interpretation of a product, creativity in function may not require 
changes of behaviour or structure. For example, a rose is a kind of flower. If its interpretation 
is connected with the term “love”, a new function “expressing love” may be generated 
without any changes to its behaviour or structure.   
2.5.2 Creativity in behaviour  
Creativity in behaviour could be achieved through deriving new attributes of a product (Gero 
and Kannengiesser, 2011). For example, a behaviour of a motorcycle helmet is “cool head 
using airflow”. If this attribute is replaced with the new behaviour “cool head using 
temperature control system”, a new function “advanced ventilation characteristic” may be 
added in the function of a helmet by retaining its original function “head protection”.  
Creativity in behaviour may cause changes of structure. The new behaviour “cool head using 
temperature control system” of the motorcycle helmet is likely to require changes of the 
structure of helmet shell or other parts. No structure changes are required when the new 
behaviour is brought through modifying the interactions between the product and its 
environment. The slotted screwdriver is used to fasten or release a screw with slotted head. 
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By inserting the head of a slotted screwdriver in to a gap, it can be used to force components 
apart; providing an example of alternative use as a lever.  
2.5.3 Creativity in structure   
Creativity in structure results from the incorporation of novel components or the definition of 
new relationships between components in a product that may generate new behaviours (Gero 
and Kannengiesser, 2011). Replacing some components is quite common in prompting new 
designs. For example, the hybrid system in many cars on the market is replacing the 
traditionally large petrol engine with an electric motor and a smaller petrol engine. The 
electric motor works when the car runs at low speed. After the car reaches a higher speed, its 
petrol motor starts work. Apart from replacing some components, adding new components is 
also an effective way to create new products. Apple added touch screen and apps store into 
early stage smart phones and designed the IPhone which achieved unparalleled success on the 
market.         
2.6 Conclusion  
As creativity is very essential in the idea generation of the design process, this chapter used 
the Function-Behaviour-Structure model to study creativity in design. Creativity in structure 
results from the incorporation of novel components or the definition of new relationships 
between components in a product that may generate new behaviours; creativity in behaviour 
could be achieved through deriving new attributes of a product; and creativity in function 
involves ascribing novel or surprising purposes to a product. Any changes in one aspect may 
or may not cause changes in the rest aspects. Creativity may result from these changes. 
Besides that, 10 existing definitions of creativity have been explained and compared. By 
referring to these samples, creativity is defined as a complex interaction among several 
factors, such as personality traits, social factors and skills. Nevertheless a universal definition 
for creativity has not been developed. 
Based on Wallas‟ four step model, the creative thinking process contained four steps: 
preparation (problem finding and definition, set criteria for evaluating a solution‟s 
acceptability), incubation (unconscious process in the mind), illumination (the moment when 
a new idea emerges, also called “eureka” or “aha” moment), and verification (verify the 
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degree to how the ideas satisfy the requirements). The process has two aspects: divergent 
thinking process for idea generation and convergent process for idea evaluation and selection. 
From on the major review, previous research on creativity has been chronological explored in 
three periods: creative genius, psychometric creativity and social creativity. Initially, 
creativity was considered to be inspired by the “Muses” who were the inspiration of literature, 
science and arts. After the Renaissance, creativity is considered as a generic inheritance of 
creative genius. But still no concept of creativity existed. Formal research on creativity 
started from Francis Galton, who concluded that creative abilities were largely dependent on 
the essential capacities of genius. But the modern research on creativity originated from the 
Guilford‟s APA address in 1950. The research in the decades between Galton and Guilford 
focused on creative genius per se. After the landmark, psychometric approaches were used by 
mainstream research activities to examine creative phenomenon and attempted to couch 
creativity in the psychology of the person. Psychometric methods can be classified into three 
types: creative process, creative person and creative products. The methods focused on 
creative process mainly concern the divergent process. To measure the creative process and 
potential, various divergent thinking tests were developed (e.g. SOI, TTCT, Getzels and 
Jakson‟ model and Wallach and Kogan‟s model). The methods related with creative person 
studied personality correlates of creative behaviours of highly creative individuals to 
determine creativity related characteristics. Four traits: introversion, internal locus of control, 
intrinsic motivation and self-confidence are taken into consideration in any discussion of 
creativity. Analysis of previous creative products was considered as the bedrock of all studies 
on creativity. Many assessment techniques have been developed to measure creative products 
(e.g. CAT and CPAM).  
Because the previous research investigated creativity in a “social vacuum”, in the mid-1970s, 
psychologists started to pay more attention on social factors. Cultural, political and economic 
factors on creativity had been widely researched. Some factors such as funding agency, 
research faculty, marketing, leadership, management, and teamwork have been studied and 
many other factors need further exploration. But, by reviewing the research on these areas, 
there was no systemic creativity model in societal context that revealed the relationship 
between these factors. Therefore, it is essential to build such a model that considers these 
major influences on creativity in societal context.  
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3 Creativity engine 
3.1 Introduction 
It is a common view that the generation of creative ideas is essential in both updating original 
products and designing new products (Amabile, 1996; Mumford, 2000; Soosay, 2004). 
Creative idea generation plays a key role in determining the type of products which prosper 
modern businesses (Bharadwaj and Menon, 2000; Amabile, 1998; Howard et al., 2010a, 
2010b). As creative ideas are generated through the creative thinking process, it is important 
to understand this process in detail.  
This chapter explains the creative thinking process in the following sequence.  
1. A creative thinking process model named „creativity engine‟ is proposed.  
2. The components of this model are classified into three types: four inputs, inner engine 
components and creative outputs. All of them are defined and their relationships with 
creativity are also explored.    
3. Finally, the working process of the model is explained. Its short term memory 
analysis, long term memory search and idea generation process are illustrated in detail.      
3.2 Creativity engine  
Based on the empirical research on creative thinking process, psychologists have found some 
organisational influences on the performance of the process. The main four factors are: 
Motivation, Expertise, Sponsorship, and Communication skills (Hollingsworth, 2000, 2002; 
Amabile, 1996; Heinze et al., 2009; Howard et al., 2010a, 2010b; Childs and Fountain, 2011). 
Considering these four influences play very important roles in creative thinking process, it is 
worth building a creativity model that considers these four organisational influences. Using 
the analogy of the working function of aircraft engines, absorbing air flow, fuel, oil and 
control signal and jetting compressed air flow to generate thrust, the creativity engine model 
“absorbs” the required four factors: Motivation, Expertise, Sponsorship, and Communication 
skills and “jets” creative outputs (see Childs and Fountain (2011)). The framework of this 
model is shown in Figure 3.1.  
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Figure 3.1: The framework of the creativity engine (Childs and Fountain, 2011) 
These four inputs are the main influences on creative thinking process. A problem solver with 
high level motivation is usually willing to actively solve problems and generate solutions for 
design tasks. Similarly, an expert, normally, can solve a problem better than a novice in the 
same domain. Likewise, with enough financial or equivalent sponsorship and supports, 
experts can devote their attention to research. Also, sufficient communication with peers and 
experts in the same or other domains can help problem solvers acquire more valuable 
problem associated knowledge.       
3.3 The components of the creativity engine 
Considering the structure of the model in the Figure 3.1, the components of this model are 
classified into three types: inputs, inner engine components and outputs. The four inputs are: 
Motivation, Expertise, Sponsorship, and Communication skills. The inner engine components 
includes: short term memory and long term memory. The outputs are the creative outputs 
(creative ideas).   
3.3.1 Four “inputs”  
3.3.1.1 Motivation  
Amabile (1983) classified motivation into two types: intrinsic motivation and extrinsic 
motivation. The first one is defined as the individual‟s intrinsic attitude toward a task. The 
second one is the individual‟s perceptions of undertaking a task for purposes. In 
psychological research on creativity, intrinsic motivation increases creativity, while extrinsic 
motivation decreases creativity (Deci and Ryan, 1985; Hennessey and Amabile, 1988; 
Amabile, 1996; Csikszentmihalyi, 1996; Collins and Amabile, 1999). 
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Intrinsic motivation is seen as rooted in normal human curiosity and is the inherent 
satisfaction that we derive from productive, engaging, personally challenging activity. It 
appears when an individual assesses a task that matches his or her existing preferences and 
interests; or, someone is willing to do something for his or her internal interests (Collins and 
Amabile, 1999).  Barron (1963) studied the personalities of highly creative people and found 
them being totally devoted and intensely committed to their work. Torrance (1987) indicated 
that people performed more creatively when they were doing what they loved. In a set of 
longitudinal studies of youth in math and science, Heinzen et al. (1993) reported that these 
creative teens represented higher levels of intrinsic motivation than their peers.   
External motivation depends largely upon external social and environmental factors that are 
intended to affect or control the individual‟s performance on the task. These constraints are 
not only a feature of the task itself, but are introduced by people (Collins and Amabile, 1999). 
Csikszentmihalyi (1996) proposed that if people were pressured, constrained, or driven by 
extrinsic motivators, they were less likely to be creative. Creativity arises in autotelic 
activities, where rewards stem from engagement in the activity itself, rather than from an 
external source (Amabile et al., 1986). For example, in competition, makers who aimed at 
prizes offered less creative products than those who simply engaged in the competition with 
no contingency attached. Amabile (1996) assessed both intrinsic motivation and extrinsic 
motivation through contained set of several different kinds of creative activities. The results 
revealed people involved in creative professions, such as artists, poets, and research scientists, 
were higher in intrinsic motivation and lower in extrinsic motivation than the general 
population. When extrinsic motivators are offered or extrinsic constraints are imposed on 
individuals doing an intrinsically interesting task, the work they produce is, on average, less 
creative than when extrinsic motivators or constraints are not imposed.  
However, intrinsic motivation has a stronger effect on determining creativity than external 
motivation. Nevertheless external motivation is also essential. Lubart and Sternberg (1995) 
suggested that, with respect to the difference between intrinsic and extrinsic motivation, it 
was important the motivator focused attention on the task or the goal. Intrinsic motivators 
typically paid attention to the task; whereas extrinsic ones aimed at the goal. It was important 
to build an appropriate purpose which was essential to creativity (Collins and Amabile, 1999). 
 36 
 
Thus, intrinsic motivators play an essential role in creativity and external motivators should 
also be considered to set the goal of creativity. 
3.3.1.2 Expertise  
Expertise refers to the cognitive, perceptual-motor and physiological mechanisms that allow 
experts to consistently attain superior levels of performance in routine and new challenging 
situations and/or produce new products valued in domains of expertise (Chi et al., 1988). The 
term “expert” is to describe any highly skilled performer who exhibits superior achievement 
after instruction and extended in a field (Ericsson and Lehmann, 2011). Those fields, which 
are called domains, include the arts (e.g. music, panting, and writing), sports (e.g. swimming, 
running, and jumping), design (e.g. fashion design and product design), engineering (e,g, 
mechanical engineering, electric engineering, and civil engineering) and professional 
activities (e.g. medicine, nursing, and business). In the framework, expertise includes basic 
skills (basic education) and domain-relevant knowledge (knowledge about the domain) 
(Nickerson, 1999).   
Basic skills may concern: basic language, mathematical skills, various basic techniques, etc. 
A solid grounding in the basic skills is conducive to the development of creative potential, for 
the higher levels of creative abilities are resting on the lower-levels ones (Renzulli, 1977). No 
matter how talented an expert is, before he or she becomes an expert in a field, a minimum of 
approximately 10 years of intense involvement in the basic skills of the field is indispensible 
(Simon and Chase, 1973; Ericsson and Williams, 2007), which is also known as 10,000 hours 
rule promoted by Gladwell (2009). 
Domain-relevant knowledge may include: facts, principles, knowledge of paradigms, 
opinions about problems, performance for solving problems, and aesthetic criteria (Amabile, 
1996). A problem solver who wants to makes an impact or promotes a new insight in a 
domain has to thoroughly understand related knowledge in that domain at first (Heinze et al., 
2009). For instance, in the arts, Hayes (1985) presented that artists had to master the 
prevailing techniques before they had begun to influence the further development of arts. 
Without training, students did not acquire the necessary representations for imaging and 
generating their products and achievements. Only after creative individuals complete their 
study and mastery of the existing knowledge and techniques, they are able to generate 
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creative innovations (Gardner, 1993). Csikszentmihalyi (1996) also concluded that it was 
practically impossible to make a creative contribution in a domain without internalising the 
fundamental knowledge of that domain. To even have a chance to make genuinely new 
innovation, it is necessary to have assimilated previously accumulated knowledge and be 
familiar with earlier, similar achievements. Therefore, high level basic skills and expertise in 
domain relevant knowledge are essential to creativity.  
3.3.1.3 Sponsorship  
Sponsorship includes not only enough budget but also the support in other aspects, such as 
techniques, human resource, leadership, politics, etc., which may be associated with 
creativity in some instances (Heinze et al., 2009). Money is always a limited resource in 
scientific research (Davis, 2008). Doing experiments, attending conferences, employing 
assistants, applying for patents, purchasing software and hardware, etc., all require financial 
support. Appropriate budgets may free researchers from trivia and diverting tasks and make 
the whole research process more “flow” (Csikszentmihalyi, 1996), a condition where the 
creative thinking process is enhanced. The newer generation techniques usually mean higher 
credibility of the results of experiments. For example, in psychometric approaches and 
cognitive approaches, various experiments were designed to verify hypotheses. Financial 
support is required in purchasing newest software, experiment devices, new licences, 
academic database, and other resources needed in scientific research.  Apart from these, it is 
very difficult for an individual to be an expert in everything. With the development of science, 
the quantity and complexity of knowledge has led to increased diversity in the category of 
fields (Lidwell et al., 2003). Thus, proper budget should be authorised to recruit assistants or 
teammates with diverse backgrounds. They may spark creative thinking process through 
other aspects, such as “lateral thinking” (de Bono, 1971).  
Including a financial budget, support in other aspects is also important. As managers can 
influence the performance of employees in motivation, expertise and creative thinking 
process, creativity is easily and unintentionally undermined in the work environment 
(Amabile, 1998; Perry-Smith and Shalley, 2003). A manager can enhance creativity through 
cultivating outstanding leadership in matching people with the right assignment, granting 
autonomy about problem solving process, scheduling proper project plans, providing 
resources, building energetic groups, and praising supervisory encouragement. Additionally, 
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political supports can also benefit creativity.  If a research or design is matched with the 
promotion of government officers, more public attention may be focused on this research or 
design. It may bring more chances to win the support of financial investments, new 
techniques, or professional assistants.   
3.3.1.4 Communication skills 
As creativity does occur in a social context, communication skills are essential for researchers 
to effectively exchange information with peers (Csikszentmihalyi, 1996; Sales and Fournier, 
2007; Heinze et al., 2009). Communication is a process that connects personal information 
pools to the information ocean, not only rapidly updating the personal information storage, 
but also, simultaneously, refreshing the database of the information ocean. In the framework, 
communication skills include two parts: communication rate (information exchange speed) 
and communication quality (the quality of each exchanged piece of information). Many 
techniques have been designed to accelerate the communication rate, such as telephone, 
mobile phone, internet visual conference, etc. (Thatcher and Brown, 2010). These 
communication techniques enable diverse groups of people to collaborate and work on the 
same task regardless of various geographic locations of group members.  Because the amount 
of attention in everyday life is limited, the amount of information that an individual per se is 
able to process at a given time span is finite (Csikszentmihalyi, 1996). Thus, the 
communication rate cannot exceed the maximum information process speed of human beings. 
To improve the efficiency of communication, commutation quality has to be updated. 
Communication quality depends on the technology of communication media and the level of 
language skills and domain-relevant knowledge. The first factor is basically decided by the 
development of technology. But the other two factors can be improved at individual level. 
With language skills and more profound domain-relevant knowledge, the same number of 
words may contain more information than before. Communication skills enhance creativity 
through exchanging a larger amount of information than before while occupying the same 
amount of attention (Thatcher and Brown, 2010). 
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3.3.1.5 Interrelationship among four inputs 
Before these four aspects are “injected” into the creativity engine, they are relatively 
interactive and independent. The relations between them are shown in Figure 3.2. 
 
Figure 3.2: The interrelationships of the four inputs 
By referring to the analysis in the above context, both communication skills and expertise 
may affect the result of sponsorship applications. It is easy to understand that investors wish 
to invest money on the investments with lower risk and higher profit. The higher the level of 
the researcher probably equates to lower risk and possible higher profit. If two or more 
candidates have nearly the same level of research ability, the one who is more expert in 
expression may have higher priority and be the final winner. The serious competition in the 
sponsorship applications forces applicants to improve their level of communication skills and 
expertise. More than that, sponsorship might also cultivate the motivation. Researchers may 
convert their interests on the projects welcomed by the market to win more sponsorship, such 
as combining creativity with business, management, or innovation. Motivation can indirectly 
stimulate people‟s initiative and learning enthusiasm; and, people with higher problem 
solving abilities may have higher motivation in taking action. Similarly, communication 
skills can help researchers rapidly enrich personal expertise; and, simultaneously, the high 
level expertise also improves communication skills.  
 40 
 
3.3.2 Inner engine components  
3.3.2.1 Short term memory 
The short term memory is also called “working memory”, and was first proposed by Miller et 
al. (1960). Human beings use it to retain information for limited intervals of time, from a few 
seconds to several minutes (Wood et al., 2012). During information processing, the short 
term memory is responsible for maintaining and manipulating pieces of information 
simultaneously (e.g. words, numbers, sound, etc.) (Baddeley, 2001). Obviously, the short 
term memory of human beings is limited in both time and capacity. Miller (1956) defined the 
storage capacity of short term memory as 7, which means people can maintain and 
manipulate about 7 pieces of information in the short term memory simultaneously. But 
Cowan (2001) indicated this “magic” number was overestimated. He provided evidence that 
the actual number of pieces of information people can maintain and manipulate 
simultaneously is up to 4. Although this number is very small, the short term memory 
capacity of some portions of the population is even fewer.  
Because of limited time and capacity, the short term memory is not directly used to generate 
creative ideas (Necka, 2011). Actually, it may be impossible to directly use short term 
memory to directly generate creative ideas for a design task. In reality, the number of 
information consisted of a normal problem is usually much more than 4. Some complex, 
unclear, ill-defined problems may consist over 1000 pieces of information. Obviously, a 
person whose capacity is 4 is unable to deal with problems that need over 4 items to be kept 
and manipulated in memory. In the model, the short term memory is used to analyse the 
problem and supply problem related cues for vital information search in long term memory 
(Ericsson and Kintsch, 1995; Baddeley, 2000; Necka, 2011). In creative processes, problem 
finding and problem definition may take a lot of time, effort and motivation, but they do not 
seem to need large volume of short term memory capacity.  
3.3.2.2 Long term memory 
Contrary to the limited interval and capacity of short term memory, the long term memory is 
used to store information for long time in its “unlimited” capacity (Ericsson and Kintsch, 
1995; Necka, 2011; Wood et al., 2012). The term “unlimited” is relatively so. It does not 
mean the human mind can remember everything. The efficiency of information retrieving in 
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long term memory is determined by three basic factors: encoding, storage, and retrieval 
(Ericsson and Kintsch, 1995).    
 Encoding  
Using the analogy of labelling products in a supermarket or allocating new books to 
appropriate categories in a library, in psychology, encoding is defined as the process of 
assigning the information to the appropriate parts of the long term memory for future recall 
(Baddeley et al., 2009). The specificity of encoding concerns creativity in three ways: 
peculiar encoding, alternative encoding and selectivity (Necka, 2011).  
Peculiar encoding means a person can think about something in different ways to the majority 
of people (Gobet, 2000; Necka, 2011). For example, a child usually categorizes animals into 
the appearance of them, such as nice, shaggy and awesome. This categorization is different 
from what common adults think of animals and how they classify them. Such categorizations 
represent the originality of the way that children perceive the world. Therefore, encoding 
information in a peculiar way can enhance creative thinking through avoiding obstacles, 
norming, conventions, and inhibitions in daily life.  
Alternative encoding refers to creative people who can alternatively encode information in 
unusual ways (e.g. peculiar encoding), while still being close to reality and conventions and 
categorizing the world in commonly accepted ways as well. The ability of alternative 
encoding is believed to connect with the divergent thinking of creativity (Wood et al., 2012).  
As problem finding and definition are crucial parts of the creative process, proper 
representation of the problem is important in creative thinking processes (Ericsson and 
Kintsch, 1995; Necka, 2011). Some complex and ill-defined problems are hard to memorize 
completely and categorize appropriately. Selection of information (selectivity) is an effective 
way to ignore less important or superfluous information and problem solvers are able to 
memorize only important elements and focus on the gist of the problem, which are of benefit 
for effective problem finding and definition (Ericsson and Kintsch, 1995; Gobet, 2000).   
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 Storage  
After a piece of information is encoded, it is ready to be stored in human memory. Storage 
accounts for keeping previously encoded information for a long time (Ericsson and Kintsch, 
1995; Wood et al., 2012). It is connected with creativity in three phenomena: selective 
forgetting, familiarization, and spontaneous recovery (Necka, 2011).  
The first phenomenon, selective forgetting, is concerned with the stage of incubation in the 
classical four-stage model of creative thinking (Necka, 2011). In the creative process model 
of Wallas (1926), during an incubational break, people selectively forget superfluous 
elements of the representation of the problem. Only the definition, requirements and context 
of the problem may be preserved in the memory. After having selectively forgotten a huge 
part of this information, problem solvers are more likely to view the problem in particular 
perspective, which simulates creativity in problem definition and finding (Gobet, 2000).      
The term “familiarization” accounts for the means of making the problem simple enough to 
be dealt with by the system of working memory (short term memory) (Necka, 2011; Wood et 
al., 2012). Normally, a complex and difficult problem requires a lot of time and effort to 
solve. During the long process of problem solving, until the final solution is found, many 
trials seeking a solution may be unsuccessful. These earlier trials amount to familiarization 
with the problem, making it more and more understandable, clear and simple. Simplification 
of the structure and definition of the problem makes it possible to grasp it with a small 
number of pieces of information (Necka, 2011). If the problem can be simplified to a great 
extent, for example 4 items, it can be manipulated within the short term memory, which 
performs the basic operations of information processing. 
Spontaneous recovery is an increase of the likelihood of recall of information if it is kept 
dormant for some period of time, compared to the likelihood of recall at the beginning of the 
learning process (Necka, 2011). People may sometimes remember more and more 
information after some time has passed than at the beginning of the learning process, such as 
the phenomenon “reminiscence”, an act of recalling past experience or events (Eysenck and 
Frith, 1977). Old people may often reminiscence their stories to young relationships. Because 
people can recall more information, this phenomenon stimulates creative thinking through 
helping problem solvers eliminate mental sets, blocks, and other obstacles.   
 43 
 
 Retrieval  
After a piece of information has been previously encoded and kept in the long term memory, 
this piece of information is ready for retrieval. Retrieval amounts to using labelled 
information stored in the long term memory, which is the reverse process to encoding (Necka, 
2011). Creative ideas usually result from the uncommon combination of stored information 
(Gobet, 2000). These pieces of information “reside” in the long term memory and are waiting 
to be noticed and used. Therefore, the accessibility of these pieces of information is the vital 
problem. The act of creation consists in the use of effective retrieval strategies, which access 
and use vital information in problem finding. Considering the structure of the long term 
memory, this aim can be achieved through two ways: supplying unusual retrieval cues and 
using effective searching strategies of the long term memory (Necka, 2011; Gobet, 2000; 
Wood et al., 2012).  
The retrieval cue can be regarded as the decoding of information kept in long term memory. 
An unusual retrieval cue can help problem solvers to decode one or more than one pieces of 
information stored in the long term memory in new ways. Because the codes are different 
from initial encodings, the pieces of knowledge used for creative idea combination vary from 
knowledge selected from original cues. This may amount to various new combinations of 
creative ideas. 
To access as many pieces of information as possible, the search strategy of the long term 
memory should be global enough to explore as many episodes of the long term memory as 
possible. The more pieces of information are accessed; the more combinations varying from 
existing ones may be generated, hence resulting in creative ideas.  
Comparing with supplying unusual cues, it is harder to design “global” search strategies. 
Firstly, thinking inertia normally hauls down the memory search to the narrow, well-defined 
areas of the long term memory, and ignores other areas of knowledge which may be more 
relevant to the problem (Weisberg, 1996). Moreover, fuzzy, conventional or artificial 
boundaries between different fields of knowledge and expertise usually define the boundaries 
within which memory search is performed (Wood et al., 2012). These boundaries force the 
search to be local. Furthermore, to make the search less local, the problem has to be redefined 
to provoke new association by using new sets of information (Necka, 2011). But these new 
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sets of information result from truly uncommon knowledge retrieved from the long term 
memory through another global search. This dead lock stops the search being less local. 
Additionally, encoding methods and storage habits may vary among human beings in 
different fields and ages. As a consequence, these limitations make the global search more 
difficult than supplying unusual retrieval cues.         
3.3.3 Outputs and other components  
3.3.3.1 Creative outputs 
In the model, it is important to note that an output is considered to be a single idea. In 
psychology literature, it is also often termed as the creative product (Howard et al., 2006). 
The creative output is originally considered something magical, astonishing, or godlike 
(Boden, 1990; Goldenberg and Mazursky 2002). Following scientific research, it is now 
described as something that has high performance in two aspects: originality and 
appropriateness (Massetti, 1996). 
If an idea works or fits the specification of a design task and is selected for further 
exploration, this idea is appropriate (Howard, 2010). The performance of this idea in 
appropriateness can be measured through testing and evaluating the degree of the 
specification. Boden (1990) classified „originality‟ into the following two types: 
psychological creativity (P-creativity) and historical creativity (H-creativity). The first one 
categorises an idea is original to ideas produced by an individual; the second one categorises 
an idea is original to all ideas in human history.  For example, the first mobile phone was 
demonstrated by Motorola in 1973 (Motorola, 2013). Smartphone as the new generation of 
mobile phone was first released by IBM in 1993 (MPN, 1993). In this example, the mobile 
phone is original to H-creativity and the smart phone is original to P-creativity. As a 
historically creative idea is simultaneously new to all, including the individual, H-creativity 
includes P-creativity in some situations.      
However, many researchers have argued that the creativity of ideas should be based solely on 
originality and do not dependent on any other quality attributes such as appropriateness, 
usefulness, etc (Runco and Charles, 1993; Christiaans, 2002; Lopez-Mesa and Vidal, 2006). 
Runco and Charles (1993) found that an original idea could be evaluated as creative 
regardless of its rating in appropriateness. Christiaans (2002) also indicated that other aspects 
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(e.g. appropriateness, usefulness) seemed not to be important in discriminating between 
designs with high and low creativity ratings. Using originality as the primary measure of 
creativity is beneficial for determining the newness and patentability of a design, comparing 
capability of designers, and acting as a measurement in research and team recruitment 
(Lopez-Mesa and Vidal, 2006). To judge whether originality exists in a particular idea or not, 
the judgement should be subjective and only done by field experts or line managers (Amabile, 
1982; Shalley and Gilson, 2004).   
3.3.3.2 Other components   
The aforementioned four “inputs” in the creativity engine are all situated in the social 
environment in which peers play a major role. The motivation might be boosted or lowered 
by people‟s appraisals. Moreover, for experts, communicating with peers can help themselves 
attain a mainstream status in their domains. Finally, searching for sponsorship, researchers 
may face competition with peers and negotiation with investors. 
3.4 Working process of creativity engine 
3.4.1 Working principle  
The working principle of the creativity engine is that based on the four “injected” inputs, 
short term memory is refreshed in order to retain information while also supplying cues to 
enable the effective search of long term memory where solutions reside. The working flow of 
the creativity engine is shown in Figure 3.3.  
When a designer starts to cope with a design task, the initial stage is the problem analysis. 
This stage includes problem finding and problem definition. Then task-related cues are 
concluded. The above two stages are acted out in the short term memory. Following, with 
these cues, the designer searches cue-matched pieces of information in the designer‟s long 
term memory. After this, designer‟s mental activities feed back to the short term memory and 
generate ideas by combining these relevant pieces of information. Finally, creative outputs 
are proposed. The whole flow could be classified into three steps: short term memory 
analysis, long term memory search, and idea generation process.    
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Figure 3.3: The working flow of the creativity engine 
3.4.2 Short term memory analysis  
In Figure 3.3, mental activities including in the short term memory at this stage are: problem 
analysis and cues conclusion. As previously indicated, people can simultaneously maintain 
and manipulate up to 4 pieces of information. Usually the number of pieces of information 
consists of a design task is far greater than 4. Therefore, the short term memory cannot be 
directly used to manipulate the design task. In Figure 3.3, the problem analysis, including 
problem finding and problem definition, analyse how many pieces of information a design 
task is related. Then the short term memory concludes task related cues from these pieces of 
information. For ease of illustration, assume the capacity of a designer‟s short term memory 
is 4 and a design task concerns 25 pieces of information. The cue conclusion process is 
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shown in Figure 3.4. Four pieces of information in the design task (marked as A, B, C and D) 
are selected to be manipulated in the short term memory. Then a cue (named Cue N) is 
generated based on the four selected pieces of information A, B, C and D. By using another 
piece of information of the design task to replace one of the four pieces in the short term 
memory, a new cue could be generated. In this loop, until all pieces of information of the 
design task are manipulated in the short term memory, all task related cues are concluded.        
 
Figure 3.4: The conclusion process of task related cues  
3.4.3 Long term memory search 
In Figure 3.3, two actions occur in the long term memory: information search and pieces of 
information combination. As any pieces of information in the long term memory are encoded 
before the storage, to effectively retrieve task related information, retrieval cues should be 
supplied. The cues (e.g. Cue N) concluded in the short term memory is used as the retrieval 
cues in the long term memory. A matrix is used to represent the long term memory of the 
designer. Assuming 3 cues are concluded from the short term memory. The matched 
information retrieving process is shown in Figure 3.5.   
In Figure 3.5, four pieces of information (b, c, h, and k) are related with “Cue 1”. “Cue 2” is 
related with 5 pieces of information (a, f, g, h, and j). Information (d, e, f, and i) are matched 
with “Cue 3”. It should be noted that both “Cue 1” and “Cue 2” are related with information 
“h” and both “Cue 2” and “Cue 3” are related with information “f”. This situation is common. 
During the encoding process in the long term memory, a piece of information is encoded with 
one or more than one labels. One label of this piece of information may be same as one label 
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of another piece of information. If a cue is related with this label, both of two pieces of 
information would be selected. Using the analogy of the online shopping system for a 
supermarket, if a customer inputs “olive” (as a cue in the long term memory) in the search bar, 
the results include “stuffed olive”, “pitted olive” and “olive oil” in different brands. If the cue 
changes to “oil”, the results include “olive oil”, “sunflower oil” and “sesame oil”. The “olive 
oil” appears in both search results, for both “olive” and “oil” are the labels of “olive oil” 
when it is encoded and stored into the database of the warehouse (as the long term memory of 
human beings). 
 
Figure 3.5: The retrieving process of matched information in the long term memory 
Then after all matched pieces of information in the long term memory are selected out, the 
combinations of these pieces of information are fed back to the short term memory for idea 
generation.           
3.4.4 Idea generation process 
The idea generation process of the model involves the combinations of selected pieces of 
information in the short term memory. Usually, the number of selected pieces of information 
is over 4. Unlike the pieces of information of the design task, which have to be manipulated 
simultaneously, the pieces of information selected from the long term memory can be 
processed in solo, twosome, triplet or quaternion. The idea generation process in the short 
term memory is shown in Figure 3.6.   
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Figure 3.6: The idea generation process of creativity engine in the short term memory 
Because the maximum capacity of the short term memory is normally 4, up to 4 pieces of 
information selected from long term memory can be manipulated simultaneously to generate 
ideas. In Figure 3.6, information “a” is processed individually (solo) and “idea 1” is 
generated. Information “b” and “c” are processed together (twosome) to generate “idea 2”. 
The “idea 3” results from the combination of information “d”, “e” and “f” (triplet). 4 pieces 
of information (g, h, i, and j) are manipulated simultaneously (quaternion) to generate “idea 
4”. More ideas can be generated by replacing some pieces of information in these four 
combination styles. For example, in the twosome style, new ideas can be generated through 
replacing information “c” with one of other pieces of information (e.g. d, e, f, etc.). After 
field experts or line managers evaluate the generated ideas, creative outputs could be finally 
proposed.   
3.5 Conclusion  
In this chapter, a model named the creativity engine is proposed to illustrate the creative 
thinking process. Using the analogy of the function of an aircraft engine, the creativity engine 
“absorbs” the four inputs: Motivation, Expertise, Sponsorship, and Communication skills and 
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“jets” creative outputs. The intrinsic motivation appears when an individual assesses a task 
that matches his or her existing preferences and interests; or, someone is willing to do 
something for his or her own interests. External motivation sets the goal of the creative 
thinking process. Expertise is important in creativity as people who want to make an impact 
or promote a new insight in a domain have to thoroughly understand the knowledge in that 
domain at first. Financial or equivalent sponsorship may relieve researchers from tasks that 
divert attention and sponsorships for assistants or teammates with diverse backgrounds may 
spark the creative thinking process through other aspects. Communication skills enhance 
creativity through exchanging larger amounts of information. Based on the four “injected” 
inputs, the short term memory is refreshed in order to retain information while also supplying 
cues to enable the effective search of long term memory where solutions reside. 
Human beings use short term memory to retain information for limited intervals of time. As 
the actual number of pieces of information people can maintain and manipulate 
simultaneously is about 4, it is impossible to directly use the short term memory to generate 
ideas. In the model, initially the short term memory analyses how many pieces of information 
in a design task are related; then it concludes task related cues from them. The long term 
memory is used to store information for long time in its “unlimited” capacity. Every piece of 
information is encoded and then stored in the long term memory for future retrieval. The cue 
is used as the retrieval cues to select matched pieces of information from the long term 
memory. Through the combination of selected pieces of information in the short term 
memory, many creative outputs can be generated.  
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4 Creativity tools  
4.1 Introduction  
An idea generation process involves a series of brain activities. Many creativity tools have 
been developed to stimulate this creative process (e.g. see Howard et al., 2010a, Vidal, 2006). 
In the creativity engine model, creative outputs result from the knowledge retrieving from the 
long term memory which is based on four inputs. Creativity tools could be applied to the idea 
generation process of the creativity engine. In order to select effective existing creativity tools, 
it is worthwhile to review previous research on creativity tools. In this chapter, the domain of 
work is explored through the following steps: 
1 An overview about the previous research on creativity tools is introduced; 
2 Valuable classification works on existing creativity tools are explored;  
3 Some typical creativity tools are illustrated in detail.  
4.2 An overview of Creativity Tools  
Accompanying the psychological research on creativity, many creativity tools have emerged 
to stimulate the creative thinking process (Puccio et al., 2010). Zusman and Zlotin (1999) 
concluded 97 tools; the CREAT project presided by Sanfilippo et al., (2004) explored 228 
creativity tools; the website MYCOTED listed 192 tools for creativity (MYCOTED, 2013) 
and Higgins (2006) presented 101 creative problem solving tools. At the moment, it is really 
difficult to say how many creativity tools there are, as during the implementation processes of 
these tools, researchers might adapt some existing tools and modified them to find a new 
usage, or even rename them (Tsai, 2008). For example, some tools (e.g. barnstorming 
mapping, brainstorming writing, brain sketching, etc.) were developed from brainstorming 
(Sanfilippo et al., 2004). A tool named Substance-Field analysis is one of the TRIZ tools. It 
consists of two substances and a field, where the two substances refer to both the product and 
the function and the field describes as methods to operate the product (Gadd, 2011).  
Through analysing typical creativity tools and illustrating their usages in design, Sefertzi 
(2000) proposed 7 fundamental concepts for all creativity tools as follows:    
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1. It is able to suspend immature evaluation thoughts and prevent early-stage idea 
filters; 
2. It is able to connect an impossible idea and a practical solution through several 
stepping stones (intermediate steps);  
3. Through analogy, it is able to find similarities between the knowledge that  problem 
solvers want to understand and the knowledge that they already know;   
4. It is able to help to build an ideal situation, in which the problem could be perfectly 
solved; 
5. It is able to generate ideas to satisfy the ideal situation; 
6. It is able to find interrelationships between previously unrelated things or ideas; 
7. Idea generation for each specific problem. 
The standard creative problem solving process includes analysing the environment, 
recognizing the problem, making assumptions, generation alternatives, choosing among 
alternatives, implementing the chosen solution, and overall control (Isaksen and DrShryver, 
2000). Creativity tools could be applied into any stages of this process (Higgins, 2006). For 
example, Quality Function Deployment (QFD) has been widely used to obtain the customers‟ 
expectations and provide a house of quality matrix analysis (Akao, 1997); Six Thinking Hats 
is based on principles of human psychology to analyse one way of thinking or hat at a time 
(de Bono, 1986); and many creativity tools such as brainstorming, TRIZ, Morphological 
Analysis, etc., exists for idea generation.   
4.3 Classification of creativity tools 
By applying proper tools at corresponding stages of the creative thinking process to 
effectively stimulate the creative abilities of problem solvers, it is important to specify the 
categories of existing creativity tools. Based on the methods and means utilised, Zusman and 
Zlotin (1999) proposed 7 categories for the classification of creativity tools as follows:  
1. Condition/motivating/organising tools  
Tools create a comfortable environment to unleash natural creativity by removing various 
mental blocks, such as Barron‟s Psychic Creation Model and Group decision support systems. 
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2. Randomisation 
Through forcing problem solvers to make random attempts, tools solve complex problems by 
eliminating the psychological inertia thinking of problem solvers and enable them viewing 
solutions at angles outside of their assumptions. A typical one is Brainstorming. 
3. Focusing tool 
Special focusing tools are designed for individuals who have poor in random idea generation 
process (e.g. brainstorming session). These tools help problem solvers focus on one issue at a 
time. But the presentation sequence of the issues might be random. A typical one is Attribute 
listing. 
4. Systematic usage 
Tools belong to this type combined the previous two types. Each tool is a system (e.g. QFD) 
that follows a set of focusing or random steps in a specific sequence.  
5. Pointed tools 
Based on empirical knowledge of a problem solver, a useful problem solving direction is 
identified. Following this direction, these tools offer a single recommendation or multiple 
steps to find the final solutions. Examples are Lateral Thinking (single step) and Algorithm for 
Inventive-Problem Solving (multi-steps). 
6. Evolutionary directed tools 
Similar to pointed tools, but the directions are offered according to existed fundamental 
patterns of evolution. A typical tool is the utilisation of TRIZ. 
7. Innovation knowledge-based tools 
These tools include structure knowledge derived from previous innovation patents, such as 
the Contradiction Matrix and 40 Innovation Principles.   
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Table 4.1:  Selective creativity tools (adapted from Zusman and Zlotin (1999)) 
# Tools/Methods 
Categories 
1 2 3 4 5 6 7 
1 Attribute Listing   ×     
2 Barron‟s Psychic Creation Model ×   ×    
3 Brainstorming  ×  ×    
4 Camelot     ×   
5 Checklists   ×     
6 Creative Problem Solving (CPS) Model    ×    
7 DO IT    ×    
8 Drawing and Visual Thinking ×  ×     
9 Experience kit   × ×    
10 Fishbone diagram   × × ×   
11 Fuzzy Logic (Fuzzy Thinking)    ×    
12 Group decision support systems ×       
13 Ideation/TRIZ Patterns/Lines of Evolutions ×  × × × × × 
14 Ideation/TRIZ Problem Formulation ×  × × ×   
15 Ideation/TRIZ ISQ ×  × × ×   
16 Ideation/TRIZ ARIZ ×  × × × ×  
17 Ideation/TRIZ System of Operators ×  × × × × × 
18 Ideation/TRIZ IPS ×  × × × × × 
19 Ideation/TRIZ DE ×  × × × × × 
20 Ideation/TRIZ AFD ×  × × × × × 
21 In the Realm of the Senses   × ×    
22 LARC ×       
23 Lateral Thinking   × × ×   
24 Limericks and parodies  ×      
25 Lotus Blossom Technique   × ×    
26 Mind Maps   × ×    
27 Morphological Analysis   ×     
28 Morphological Forced Connections    ×    
29 Neuro-Linguistic Programming (NLP) ×       
30 NHK method  ×  ×    
31 Phillips 66 × ×  ×    
32 Product improvement checklist  ×      
33 Quality Function Deployment    ×    
34 Questions ask   × × ×   
35 Rossman creativity model    ×    
36 SIL method (combining)  ×  × ×   
37 Storyboarding ×  × ×    
38 Synectics   × × ×   
39 TKJ × ×  ×    
40 TRIZ Contradiction Table and 40 Innovation Principles ×  × × × × × 
41 TRIZ Ideality Concept ×  × × × × × 
42 TRIZ System Approach ×  × × ×   
43 TRIZ Substance-Field Analysis ×  × × ×   
44 TRIZ 76 Standard Solutions ×  × × × × × 
45 Wallas‟s model    ×    
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These 7 categories were classified into two types of approaches: psychology-based approach 
and knowledge-based approach (Zusman and Zlotin, 1999). Categories 1 to 5 belong to 
psychology-based approaches and categories 6 and 7 are knowledge-based approaches. 
Zusman and Zlotin (1999) analysed 97 existed creativity tools and classified them into those 
seven categories. By analysing the classification results, 45 tools that are reasonably widely 
acclaimed have been selected and alphabetically listed in Table 4.1 with their names and 
corresponding categories.   
Tools belonging to psychology-based approaches focus on programming the thinking process 
and put less emphasis on the domain knowledge. These include Brainstorming, Lateral 
Thinking, and Morphological Analysis. By contrast, knowledge-based tools stimulate the 
thinking process through supplying detail knowledge database to free the creative thinking 
process, such as TRIZ and the TRIZ-based Ideation/TRIZ tools. Comparing these two types, 
knowledge-based tools have advantages as follows: 
 It is possible to provide creative practice in creative problem solving by the 
accumulation of previous best practice; 
 The gathered knowledge can be assessed before using them in the creative process; 
 Solutions result from systematic approaches, which avoid personal issues;  
Based on the fundamental concepts for all creativity tools, Sefertzi (2000) also described 
three ways to do classification. 
1. Analytical tools and intuitive tools 
During a creative thinking process, analytical tools follow pre-determined sequences of steps. 
They provide different ways to stimulate the retrieving process in the long term memory of 
problem solvers and provide sub-solutions for very aspects of a problem (Higgins, 2006). On 
the contrary, intuitive tools are less structured and provide whole solutions for all aspects at 
one time.      
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2. Individual tools and group tools 
Individual tools focus on improve the individual‟s use of intuition and avoid mental blocks in 
the creative thinking process. Group tools stimulate creativity through providing comfortable 
exterior environment and group atmosphere to reduce any exterior affects (Higgins, 2006).  
3. Divergent tools and convergent tools    
Divergent tools free the divergent thinking processes of problem solvers to generate ideas 
toward many angles. Convergent thinking, focused by convergent tools, focuses on filtering 
the evaluating ideas to select truly creative candidates (Higgins, 2006).   
Sanfilippo et al., (2004) reporting on the CREAT project concluded that a standard creative 
process in every business sector should have five phases as in the Table 4.2.  
Table 4.2: Fives phases in a standard creative process (Sanfilippo et al., 2004) 
Phases Description 
Predisposition 
This phase mainly concern building internal environment to stimulate group creativity. It 
also proposes business goals, provides creative training and selecting group members. 
External 
mapping 
This phase deals with identifying new needs and desires from the outside, such as 
analysing competitor‟s strategies and discovering new opportunities. It is also deals with 
evaluating market conditions through various economic indexes, such as share price, 
incomes, market share, etc. 
Internal 
mapping 
The main work of problem solvers at this phase is using all business resources and 
exploiting potential resources of the enterprise to emerge new business concepts. The 
discovery of potential resources results from internal inquiry which could individuate 
processes and products of this enterprise. 
Idea 
generation 
Based on the collected information in the previous stages, this phase focuses on idea 
generation. 
Evaluation 
Finally, according to the inner assessment criteria of each enterprise, the most suitable 
creative idea is selected. 
The criteria used in the classification work of CREAT project are:  
1. A tool‟s structuring degree: the level of detailed structure of the operative phases. 
Structured tools are more suited to be used effectively. 
2. Difficulty of application: the volume of “resources” required (e.g. time, human, 
information, etc.). In the present economic context, all resources have limited budgets. 
Thus, resource-efficient tools are more preferable than resource-consuming ones. 
 57 
 
3. Level of analysis: the ability of a tool to explore in detail the most number of possible 
ideas. Normally, tools with higher level of analysis are more preferable. But, these 
tools also consume larger volume of resources. 
4. Team cohesiveness degree required: level of cohesion to effectively combine the team 
working together. Groups should choose suitable tools to match with the cohesion 
degree of their groups. 
5. Time required training the team: the quantity of time necessary to make the team 
familiar with the tool. As time is a valuable resource, easy-to-use tools are more 
preferable than those complex ones. 
6. Transferability of application: possibility to apply the tool to one or more of the 5 
creative processes. If the tool is suited to more processes, no additional training time 
is required for extra applied processes. 
7. Availability of information: quality of tool instruction and application. A tool with 
detail instructions and applications facilitate the team training and the proper usage of 
this tool. 
The CREAT project analysed 228 creativity tools and classified them into the five phases. 
The outcome is shown in Table 4.3.  
Table 4.3: Classification of creativity tools of the CREAT project (adapted from Sanfilippo et 
al., 2004) 
Predisposition 
Class 
A 
Active Crisis Generation, NPL (Neuron Linguistic Programming) Techniques 
Class 
B 
Catwoe, Decision Seminary, File Cloud 9, Fishbone Diagram, Forces Field Analysis, Formation 
(On Creativity tools), Interpretive Structural Model, Multiple Redefinition, Relaxation, Sheet Of 
Creative Tasks 
Class 
C 
Boundary Examination, Causal Mapping, Criteria For Idea Finding Potential, Deadlining, Delphi, 
Dimensional Analysis, Fuzzy Thinking, Set Of Questions To Attribute Responsibilities, 
Sponsorship, Variability, Variety 
Class 
D 
Assumption Surfacing, Boundary Relaxation, Bullet Proofing, Goal Orientation, Notebook, 
Observer And Merged Viewpoints, Preliminary Questions, Reversals, Sequential Attributes 
Matrix, 7-Step Model, Similarities And Differences, Strategic Choice Approach, The 
Discontinuity Principle, Think Tank, Using "Crazy" Ideas, Wishing, Who Are You?, Why? etc., 
Repeatable Questions 
External Mapping 
Class 
A 
Attribute-Value Chain, Set Of Questions To External Map-ping, Unexpected And Contradictory 
Events Research, Vulnerability Analysis 
Class 
B 
Causal Analysis, External Sensors, Scenario Building, Settlement Of Search Boundaries, Simplex 
Class Crossed Segmentation, External Contacts, Magic Road, Psycho-drawing, Reformulate, Silent 
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C Groups, Stakeholder Analysis, Strategic Manage-ment Process, Strategic Options Development 
And Analysis (SODA), Technology Monitoring 
Class 
D 
Gap Analysis, Strategic Assumption Testing, Super Group, Transactional Planning 
Internal Mapping 
Class 
A 
Creative Target List, Internal Planning Competition, SWOT Analysis 
Class 
B 
Dialogue, Functional Analysis, Hint Box, Internal Sensors, Personal Balance-Sheet, Problem-
Centred Leadership (PCL), Quality Circles 
Class 
C 
Change Matrix, Knowledge Conversion, Self-Diagnosis, Stimulating Questions 
Class 
D 
Flow Chart, Systematized Direct Induction (SDI) 
Idea Generation 
Class 
A 
Brainstorming, Checklist, Context Modifying, Creativity Challenge, Creativity Template, Mind 
Mapping, Morphological Analysis, Problem Solving With Broadened Field, Provocation And 
Movement, Synectics, TRIZ 
Class 
B 
Alternative Seeking, Attribute Listing, Brain Sketching, Brainwriting, Concepts Fan, Crawford 
Slip Writing, Creative Problem Solving (CPS), Deliberate Combination, Dialectical Approach, 
Discovery Matrix, Do It, Focusing, Forced Association, Heuristic Ideation Technique (HIT), 
Improved Nominal Group Technique (INGT), Kepner & Tregoe's Method, KJ Method, LARC, 
Lotus Blossom Technique, Means E-vocation Lists, Metaplan Method, Morphological Forced 
Connections, Needs Evocation List, Nominal Group Technique (NGT), Phase Of Integrating 
Problem Solving (PIPS), Pin Cards, Progressive Revelation, Sensitization Technique, Sinapsis, 
Story Boarding, Scammperr, Scamper, Suspension Of The Judgment, Visualization, Waking 
Dream 
Class 
C 
Analytical Techniques, Ask "Why" Five Times, Brutethink, Bud Listing, Card Story Boards, 
Cherry Split, Circle Of Opportunity, Deep Identification, False Faces, Gordon's Method, 
Heuridramma, Inspiring Muse, Metamorphosis, Metaphor, Mimodramma, Paraphrasing Key 
Words, Pictures As Idea Triggers, Problem Reversal, Question Summery, Random Input, 
Rawlinson Brainstorming, Relational Words, Slice And Dice, Slowing Down Of The Meeting's 
Dynamic, Stimulation By Objects, Tilmag, Working With Dream And Images 
Class 
D 
Assumption Smashing, Brainwriting Game, Brainwriting 6-3-5, Browsing, Bunches Of Bananas, 
Charrette, Clarification, Collective Notebook (CNB), Component Detailing, Consensus Mapping, 
Constrained Brainwriting, Controlling Imagery, Drawing, Exaggeration, Excursions, Five W's And 
H, Focus Group, Force-Fit Game, Free Association, Fresh Eye And Networking, Gallery Method, 
Greetings Card, Help, Hunder, Imagery For Answering Questions, Imagery Manipulation, 
Imaginary Brainstorming, Imitation, Keeping A Dream Diary, Laddering, Listing, Nominal-
Interacting Techniques, Other People's Definitions, Other People's Viewpoints, Panel Consensus, 
Random Stimuly Of Various Kinds, Receptivity To Ideas, Reframing Values, Rolestorming, 
Sculptures, Search Conference, Snowball Technique, Stimulus Analysis, Super Heroes, Trigger 
Method, Trigger Sessions, Unconscious Problem Solving, Value Engineering, Visual 
Brainstorming, Visualising A Goal 
Evaluation 
Class 
A 
Angel's Advocate, Screening Matrix, Six Thinking Hats 
Class 
B 
Criteria List, Direct Comparison, Negative Brainstorming, Plusses, Potentials And Concerns, 
Potential Problem Analysis (PPA), Progressive Hurdles, Q Sort, Random Selection, Score System, 
Set Of Questions To Evaluate The Strategic Planning, Simple Rating Methods 
Class 
C 
Estimate-Discuss-Estimate, Ex-Post Logic, Implementation Checklist, Relevance Tree 
Class 
D 
Anonymous Voting, Factors In Selling Ideas, Highlighting, Idea Advocate, PMI (Plus, Minus, 
Interaction), Sticking Dots, Successive Element Integration, Using Experts 
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Each phase in the Table 4.3 has four classes (Class A, Class B, Class C and Class D), which 
were defined as follows (Sanfilippo et al., 2004).  
 Class A: This is the top class. Tools belong to this class are the first choices for 
enterprises to enhance creativity. They have well organised instructions, rich 
examples, good structuring degrees and lowest resource consumptions.   
 Class B: Tools are potentially beneficial for enterprises and might be selected under 
specific situations. Comparing with Class A tools, they are lack in one criterion, such 
as more complex structuring degree, higher resource consumption, longer training 
time, etc.    
 Class C: Tools in this class are very “weak” at successfully stimulating the creativity 
of enterprises. They are lacking in more criteria than Class B tools.  
 Class D: These tools do not have official standard references. Without available 
information, they are difficult to learn.   
The number of tools analysed by the CREAT project is 228, which is far more than Zusman 
and Zlotin‟s work (97 tools in total). Reviewing Table 4.3, some significant tools belong to 
Class D. As these tools have a lack of standard references, users may subconsciously ignore 
them.   
Higgins (2006) concluded 101 creative problem solving tools and classified them into 
categories to help people to more easily understand and select them. His work is shown in 
Table 4.4.  Many of them are used for generating alternative solutions, which occupy a large 
portion of Higgins‟s work.       
Table 4.4: The classification work of 101 creativity tools (Higgins, 2006) 
Category Creativity tools 
Techniques for 
analysing the 
environment 
Comparison against others: listening to employees and customers racing against 
phantom competitors, Hire futurists and other consultants, Monitor weak signals, 
Opportunity searches 
Tools for recognising 
problems 
Camelot, Checklists, Inverse brainstorming, Limericks and parodies, Listing 
complaints, Responding to someone else, Role playing, Suggestion programs, 
Workouts and other group approaches 
Tools for identifying 
problems 
Bounce it off someone else, Consensus building, Draw a picture of the problem, 
Experience kit, Fishbone diagram, King of the mountain, Redefining a problem or 
opportunity, Rewrite objectives in different ways, Squeeze and stretch, What do 
you know?, What patterns exists?, Why-Why diagram 
Tools for making 
assumptions 
Assumption reversal 
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Individual processes 
for generating 
creative alternatives 
Analogies and metaphors, Analysis of past solutions learning from failure, 
Association, Attribute association chains, Attribute listing, Back to the customer, 
Back to the sun, Circle of opportunity, Computer programs, Direct analogies, 
Deadlines, Establish idea sources, Examine it with the senses, The FCB grid, the 
focused-object technique, Fresh eye, Music, Googlestorming, Idea bits and 
racking, Input-Output, Mind mapping, Name possible uses, the napoleon 
technique, Organised random search, Personal analogies, Relatedness, Picture 
stimulation, Product improvement checklist, Relational words, SCAMPER, 
Reversal-Dereversal, Rolling in the grass of ideas, 7x7 technique, 
Sleeping/dreaming on it, TRIZ, The two-words technique, Visualisation, What if?  
Group processes for 
generating creative 
alternatives 
Brainstorming 
Japanese creativity 
tools 
Brainwriting, Brainwriting pool, Brainwriting 6-3-5, Crawford slip method, 
Creative leaps, Creative imaging, Delphi technique, Excursion technique, idea 
board, Gallery method, Gordon/Little technique, Idea triggers, Innovation 
committee, Intercompany innovation groups, Lion‟s den, Lotus blossom technique, 
Mitsubishi brainstorming method, Morphological analysis, NHK method, Normal 
group technique,  Online brainstorming, Open innovation: open source innovation, 
Phillips 66, Photo excursion, Pin card technique, Scenario planning, SIL method, 
storyboarding, synthetics, Take five, TKJ method 
Tools for choosing 
among the 
alternatives 
The screening matrix for ideas, DOT voting 
Implementing the 
choices 
How-How diagram, Be a warrior when selling your ideas, Force-Field analysis 
According to the criteria used in previous classifications, a single creativity tool may have 
some sort of defect (the four classes in the CREAT project). As tools focus on different 
aspects (Table 4.1), researchers start to combine several tools together to maximise their 
advantages and complement the disadvantages of each individual tool. In the CREAT project, 
the combination of several Class B tools may satisfy the criteria of Class A, as the 
combination can be applied to more purposes and disciplines. Tsai (2008) concluded 25 
combinations of individual creativity tools. The work is listed in Table 4.5.  
Table 4.5: A list of combination creativity tools with references (adapt from (Tsai, 2008))   
# Combination of tools References 
1 NLP + TRIZ Karen Becker and Ellen Domb 
2 CAD + QFD + TRIZ Noel León-Rovira 
3 QFD + TM + TRIZ John Terninko 
4 FA + QFD + TRIZ 
Noel León-Rovira and Humberto 
Aguayo 
5 MINDMAPS + TRIZ Ian Care and Darrell Mann 
6 Brainstorming + TRIZ Yoshiki Nakamura 
7 QFD + TRIZ Ellen Domb 
8 COPC + QFD + VE M. Larry Shillito 
9 TM + TRIZ Prakash R. Apte and Darrell Mann 
10 DOE + TRIZ John Hsing 
11 AD + TRIZ Darrell Mann 
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12 5W1H + TRIZ Prakash R. Apte et al. 
13 QFD + Scenario technique + TRIZ Elke Baessler et al. 
14 AHP + DFA + FMEA + QFD Shih-Wen Hsiao 
15 BS + TRIZ Brian Campbell 
16 QFD + Six Sigma + TRIZ Jack Hipple 
17 TRIZ + VE C. Bernerd Dull 
18 ACE + Six Sigma Thomas C. Hutton 
19 AD + Six Sigma Basem El-Haik 
20 AD + QFD + TRIZ Michael S. Slocum 
21 
Creativity Template + Morphological Analysis + Provocation 
& Movement  
Sanfilippo et al. 
22 Six Sigma + TRIZ Haiyan Ru et al 
23 TOC + TRIZ Ian Conradie 
24 Triads + TRIZ James Kowalick 
25 CPS + TRIZ Jack Hipple 
Reviewing the Table 4.5, it is easy to highlight that TRIZ has been widely chosen to combine 
with other tools. According to Zusman and Zlotin‟s work (Table 4.1), TRIZ is a knowledge-
based tool, which is newly developed and evolutionary-directed (Zusman and Zlotin, 1999).  
4.4 Typical creativity tools 
Reviewing the literature of previous classification works, there are numerous creativity tools 
developed to support creativity. Well-known tools include Brainstorming, Morphological 
Analysis, Six thinking hats, and TRIZ, which are introduced in detail as follows.  
1. Brainstorming  
As one of the most widely disseminated methods used in idea generation process (Isaksen 
and Gaulin, 2005), brainstorming typically involves a multi-disciplinary group meeting 
together to propose and generate solutions for a stated problem in a short time. Its theory 
observed by Osborn (1963) is that results of generative activity improved if there was 
deferment of judgment and also that quantity breeds quality. Therefore, its emphasis is on 
quantity rather than quality of ideas and criticism, evaluation or judging an idea is forbidden 
during the process. This important aspect of brainstorming encourages people to offer ideas 
without fear of criticism, which may jam the brain activities. A typical Brainstorming 
includes following steps in Table 4.7 (Osborne, 1963; Sefertzi, 2000).  
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Table 4.6: Brainstorming phases (Osborne, 1963; Sefertzi, 2000) 
# Phase Application 
1 Orientation Problem definition and session rules set 
2 Preparation Problem-related information gathering 
3 Warm-up Using excises to warm up mental activities of participants 
4 Production of ideas Generate as many ideas as possible; quantity of ideas is quality 
5 Incubation Brains step back from the problem and the subconscious work 
6 Syntheses Analysis generated ideas with logic thinking 
7 Evaluation Idea evaluation; develop or combine ideas for further proceeding 
2. Morphological Analysis 
Morphological analysis, one particular tool used, is a combinational creativity tool that can be 
used to generate ideas for novel products. It involves formulation of the design space in terms 
of sub-functions and potential options for each of the sub-functions. The overall solution or 
set of possibilities is synthesized by the user‟s selection of sub-function options. A typical 
advantage of morphological analysis is that a large volume of ideas can be generated in a 
short time through the combination of means (Higgins, 2006).  
Since morphological analysis was first developed by Zwicky and Wilson (1967), it has been 
widely used and studied in diverse fields (Ritchey, 1998, 2003). Its standard working flow is 
as follows:  
1. Considering the function of a generic solution to a problem and breaking it down into 
a number of systems or sub-functions.  
2. Generating a variety of means to fulfil each of these systems or sub-functions. 
3. The sub-functions and potential means of fulfilling each of these sub-functions are 
arranged in a grid. 
4. An overall solution is then formulated by selecting one means for each sub-function 
and the combination of these forms the overall solution. 
3. Six thinking hats  
de Bono (1986) considered human thinking to be of six approaches. He used one colour hat 
to represent the kind of thinking a person is to adopt. The white hat relates to information and 
facts; the person wearing red hat is to focus on the emotional aspects of a situation; the green 
hat is associated with creative thinking; the black hat is concerned with critical analysis; the 
yellow hat thinker focuses on benefits and values of a plan; and finally, the person wearing 
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blue hat is responsible for controlling the process, organising discussion, planning and 
execution to achieve the best possible result. The key theory of six hats model is “parallel 
thinking” which involves all group members adopting the same hat, or way of thinking at the 
same time. Thus, these approaches force people to move outside their habitual thinking style 
and help people to get a more rounded view of a situation.  
4. Theory of inventive problem solving (TRIZ)  
TRIZ is based on objective and repeatable engineering principles and practices. As the result 
of his analysis of thousands of patents, Altshuller (1999) proposed the creation of 40 
inventive problem solving principles, which enable individuals to resolve technical 
contradictions that are at the essence of the problem (Puccio et al., 2010). The problem solver 
simply follows the working process of TRIZ and finally can find a solution to the problem. 
some common TRIZ tools are: 40 principles, 8 trends of evolution, ideal final result, 
resources and trimming, function analysis and substance field analysis (Su-field analysis), 
contradiction, 76 standard solutions (Gadd, 2011; Tsai, 2008).     
As previously mentioned, creativity tools are very helpful in the idea generation process. 
However, none of them is a panacea. Howard et al. (2010a) found that, in a brainstorming 
session, the rate and quality of idea generation decreased with time passing. Moreover, Bolin 
and Neuman (2006) found that group brainstorming produced much fewer ideas than the 
same number of individuals working alone, as some psychological effects such as social 
loafing, evaluation apprehension, and production blocking extremely impair the performance 
of participants in a group brainstorming session. The shortcomings of morphological analysis 
are obvious. As sub-means in morphological analysis are well structured in a matrix, too 
structured styles could hinder free, insight thinking (Ritchey, 2003). Furthermore, the 
combination work is based on a user‟s subjective judgements. The lack of objective 
guidelines may yield many potential alternatives (Sanfilippo et al., 2004). Six Thinking Hats 
also has several shortages (Sanfilippo et al., 2004). Firstly, the green hat thinkers have to seek 
the help of other creative tools to establish the idea pools. More than that, the blue hat thinker 
who presides the session should be experienced to terminate the session at proper time. 
Additionally, as each colour hat represents a thinking style, basic training sessions are 
required to process it in the right way. Even TRIZ has been well developed and updated in 
recent decades; Tian et al., (2010) indicated that the significance of the solution system and 
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the principles of the TRIZ are broader for new users. Including the 4 tools analysed in the 
above context, many creativity tools has been explored. The identified results are listed in 
Table 4.7.    
As part of the working function of the creativity engine is that the short term memory is 
refreshed in order to retain information while also supplying cues to enable the effective 
search of long term memory where solutions reside, it is necessary as an effective means for 
refreshing and memory searching to be identified. None of these existing creativity tools are 
suitable to be directly integrated into the creativity engine model without adaption. This 
review has however identified that the following tools have elements that are useful for the 
creativity engine: the free thinking of brainstorming, the formulation of Morphological 
analysis, the white hat of six thinking hats, and the knowledge indication of TRIZ and TRIZ 
related tools.  
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Table 4.7: A list of identified creativity tools 
Creativity tools Brief description References 
Alternative 
Scenarios 
Thinking through scenarios is a conservative approach to take more innovative actions, and prevent undesirable 
outcomes. Scenarios can explore general alternative futures and specific problems or strategies. 
Dator Jim 
Brainstorming  
A technique to generate ideas in a group by delaying their judgemental thinking in order to create a great amount 
of ideas. 
Alex Osborn 
Brain Writing 
Everyone writes the problem statement at the top of their worksheet. They then write ideas on the top row of the 
worksheet in a period in a complete and concise sentence. At the end of the period, pass the worksheet to the 
right person; then add more ideas. The process continues until the worksheet is completed. 
 
Checklist  
A checklist is formulated as a means of transforming an existing idea into a new one. The checklist is designed 
to have a flexible, trial and error type of approach. 
Alex Osborn; James 
Higgins 
Concepts Fan 
This technique constitutes a series of fix points: each of them will be the basis for a subsequent seeking, which 
entails the solution of a problem or the execution of a task. 
de Bono 
Creative problem 
solving (CPS) 
CPS is a form of deliberate creativity: a structured process for solving problems or finding opportunities, used 
when you want to go beyond conventional thinking and arrive at creative (novel and useful) solutions. 
D. J. Treffinger 
Creativity 
Template 
A technique that affects the thinking process (cognitive process) as opposite to managing the session where new 
ideas are searched. It is highly analytical and focused and aims for efficiency, which opposites to methods trying 
to enhance randomness. 
Goldenberg, J., 
Mazursky, D., 
Solomon, S. 
Dialectical 
Approaches 
A technique uses creative conflicts to help identify and challenge assumptions to create new perceptions. The 
devil‟s advocate approach is useful in exposing underlying assumptions.  
Mason and Mitroff 
Discovery Matrix 
A technique based upon a list of needs and a list of means. New ideas are generated from every casual 
intersection of means and needs by crossing the two lists by means of a matrix. 
Michel Joly 
DO IT 
Analysing the problem to ensure that the correct question is being asked; generating ideas; identifying the best 
ideas; implementation  
R. V. Olson 
Fishbone Diagram 
A technique that structures the process of identifying possible causes of a problem. The diagram encourages the 
development of an in depth and objective representation ensuring all participants keep on track.  
Kaoru Ishikawa 
Five Ws and H 
Five Ws: Who? Why? What? Where? When? And H: How? The technique uses basic question generating 
prompts, which are useful at any level from a formal checklist to complete informality. 
Thompson 
Focusing A technique that intentionally draws the attention on something which is usually overlooked. Gendlin 
Heuristic Ideation 
Technique 
A group technique generates new and innovative ideas. The participants compare two items or concepts that are 
not apparently related, in order to stimulate idea generation. 
Edward Tauber 
Kepner and Tregoe 
method 
Technique emphasises the „rational‟ rather than the „creative‟. It is essentially a method for fault diagnosis and 
repair rather than for disorganised or systemic problem domains, or those where freshness of vision is essential. 
Kepner and Tregoe 
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LARC 
A technique which brings the right (creative) side brain into play with the left (logical) side. Each phase of the 
program suggest specific, easy-to-follow techniques. 
R. Williams John 
Stockmyer 
Lotus Blossom 
technique 
This technique is based upon the use of analytical capacities and helps to generate a great number of ideas that 
will possibly provide the best solution to the problem to be addressed by the management group. 
Yasuo Matsumura 
Mind mapping  A concise way of displaying notes and information and their associations. Tony Buzan 
Nominal Group 
Technique 
A technique that takes the judgments of a variety of people with varied talents, knowledge, and skills will be 
used together. By doing this, the resulting ideas are better than those that might be obtained by other methods. 
Delbecq and Van de 
Ven 
Morphological 
Analysis  
This can be used to get beyond what the product or service is used for at present, and to discover what it is 
capable of being used for. It also is used to determine all possible attributes of a product or service, and combine 
them in new and unusual ways to create something new. 
Zwicky 
Pin Cards 
A technique that uses small cards or post-its which are passed to the person on the immediate right, thus the card 
is passed around the Table. This encourages turn-taking and individual contributions and is basically self-
facilitating. 
Geschka, et al. 
Progressive 
Revelation 
A technique which involves seeing problems or challenges from their larger macro levels, and then working 
down through a series of planned progressions to their micro levels. Finally, apply what participants‟ learned to 
provoke breakthroughs in their thinking. 
William Gordon 
SCAMPER 
A technique to assist you in thinking of changes you can make to an existing product to create a new one via a 
checklist. These can either be used directly or as starting points for lateral thinking. 
Eberle, B. 
Synectics 
A technique that operates on the principle that, by using the mind's remarkable capacity to connect apparently 
irrelevant elements of thought, new ideas can be sparked and developed into feasible solutions to problems. 
Couch Richard 
Six thinking hats 
A technique to encourage Parallel Thinking, full-spectrum thinking and separate ego from performance. By 
going six types of thinking, this technique helps people to get a more rounded view of a situation. In addition, 
this technique can be used at the stage of generation too. 
de Bono 
TRIZ  
This is a toolkit which is often used to help to solve design problems. This technique was invented in 1946 by 
Genrich Altshuller who and his colleagues reviewed over 200,000 successful patents in order to solve problems 
through the experiences of the past patents. TRIZ contains several different tools which are able to be used in 
many different types of problem solving needs. 
Karen Gadd; 
Genrich Altshuller 
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4.5 Conclusion  
In this chapter, previous research on creativity tools has been reviewed. These tools were 
designed in accordance with the results of empirical study on creativity. Creativity tools are 
an essential part in the design process to stimulate the creativity of problem solvers (Vidal, 
2006). With the psychological research on creativity, a considerable number of creativity 
tools have been implemented to stimulate the creative thinking process. A creativity tool 
should obey the 7 concepts proposed by Sefertzi (2000).  
To help problem solvers to select proper creativity tools, researchers have undertaken 
classification. Zusman and Zlotin (1999) analysed 97 existed creativity tools and classified 
them into 7 categories. In the CREAT project presided by Sanfilippo et al., (2004), 228 
creativity tools were classified into 5 phases and each phase has 4 classes. More detail 
classification work was done by Higgins (2006), who listed 101 creativity tools in the 
categories following the creative thinking process. Including the classification work on 
individual tools, Tsai (2008) also explored the researches on combination tools.  
Based on the literature review on creativity tools, many creativity tools were explored and 4 
well-known tools were analysed in detail, including Brainstorming, Morphological Analysis, 
Six thinking hats, and TRIZ. Considering the working function of the creativity engine, none 
of these existing creativity tools are suitable to be directly integrated into the creativity engine 
model without adaptation. Some elements of these creativity tools are useful for the creativity 
engine: the free thinking of brainstorming, the formulation of Morphological analysis, the 
white hat of six thinking hats, and the knowledge indication of TRIZ and TRIZ related tools. 
In the following chapters, the implementation work of a specific tool for the creativity engine 
will be illustrated.          
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5 Useful Effects  
5.1 Introduction 
As previously mentioned, creativity tools are very helpful in the idea generation process. 
However, none of them is a panacea. Howard et al. (2010a) found that, in a brainstorming 
session, the rate and quality of idea generation decreased with time passing. Moreover, Tian 
et al. (2010) indicated that the significance of the solution system and the principles of the 
TRIZ are broader for fresh users. Six thinking hats is not a stand-alone process and green hat 
thinkers have to seek the help of other creativity tools to establish the idea pool. Henderson 
(1991) said that the majority of products are the amalgamations of various parts of earlier 
technologies with new ideas incorporated, especially technological products such as gas 
turbine engines and mobile phones. It is obvious that the new incorporation is built upon the 
accumulation of earlier technologies. Orloff (2006) defined that technologies can be 
transformed by coordinated technical effects. He also indicated that the basis of an invention 
is the first usage of an effect that was previously unknown, or an unexpected and new usage 
of a known effect. Therefore, a well-established effects pool that accumulates effects from 
various areas of knowledge can be adopted to compensate the bias of the two type tools. In 
this way, the new tools can support the creative thinking process of problem solvers at the 
source of knowledge and they can generate creative outputs with high feasibility.  
This chapter explains the establishment of an effects pool in the following 4 sections: 
1. Initially, the definition of the term “effect” is explained in detail. 
2. Through a survey that explored reasons that cause ineffective information gathering, 
the theory of the establishment of an effects database is explored. 
3. Then, a traditional effects database is illustrated. Its advantages and disadvantages are 
analysed.    
4. Based on the traditional effects database, an augmented effects database named 
“Effects Genius” is established. Its structure, theory, data and other information are 
explained in detail.   
 69 
 
5.2 Definition of effect 
The term effect can be defined as the functional relationship between two processes. The 
changes in a process can be described as a cause. This cause may lead to a change in another 
process, which is then described as a result. The actual relationship between these two 
processes is called an effect. In technical systems, the process cause is often termed a start 
process and the process result is termed an exit process. Consequently, all of the elements of 
the system that interact closely with the start process are called the start of the system and 
those that interact with exit process are called the exit of the system. The primary effect that a 
system causes is usually fixed in the description of the system (the elements). Therefore, the 
effect can be defined as any words such as influence, function, functioning, transformation, 
and other terms that is used as a principle of a technical system for the development of the 
system itself.  
For better explanation, a simple example is given. Passing electricity through a metal coil 
heats it so that it radiates thermal energy (for the sake of simplicity, other effects such as 
material parameters, voltage, human factors, etc. are not be considered here). The electricity 
(cause) leads to thermal radiation (result). A heating element introduced by the electricity 
completes the transformation of electricity into thermal energy. The principle of the heating 
element is based on the transformation of the energy of the electricity into thermal energy 
with the help of the conduction of electricity through a metal coil. Thus, the effect in this 
example could be described as “electric heating element” or “electric heating coil” to stress 
the construction or form of the element along with its principle.  
5.3 Use effects in design 
With the development of scientific understanding, the quantity and complexity of knowledge 
has led to increased diversity in the category of fields (Lidwell et al., 2003). In real design 
processes and opportunities, a design task may involve various fields. Some of them may be 
widely related with many designs and designers are quite familiar with. But designers may be 
relatively unfamiliar with some fields and the knowledge accumulation they have is not 
specific to them (Lidwell et al., 2003). For instance, aircraft designers must work with 
computation of aircraft wing behaviour. This design work requires geometric information 
about the wings, possible flight conditions, which aircraft designers may feel familiar with, 
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and information in other fields as well, which designers may not familiar with. These fields 
may include material properties, welding conditions of structure members, fatigue analysis of 
components, etc. In this situation, in order to compensate for shortages of knowledge 
accumulation in problem related fields, designers may learn the related knowledge by 
themselves or consult subject experts or subject expertise for guidance (Wang and Childs, 
2013a). Expertise refers to the cognitive, perceptual-motor and physiological mechanisms 
that allow experts to consistently attain superior levels of performance in routine and new 
challenging situations and/or produce new products valued in domains of expertise (Chi et al., 
1988). The term „expert‟ is to describe any highly skilled performer who exhibits superior 
achievement after instruction and extended in a field (Ericsson and Lehmann, 2011). The 
term „expertise‟ in this thesis is defined as the level of domain relevant knowledge 
accumulation in facts, principles, knowledge of paradigms, opinions about problems, 
performance for solving problems, and aesthetic criteria. An expert acquires a high level of 
the expertise. However, as time pressure often dominants in the design process (Howard et al., 
2010a), both methods are ineffective to some degree in information gathering.  
As survey has been widely used to provide information research fields, e.g. marketing 
research, psychology, health professionals and sociology, it is an effective method to collect 
data for a specific question. For example, Csikszentmihalyi (1996) used survey to interview 
thousands of eminent experts in various fields and identified the „Flow‟ in creative thinking 
process. In order to explore reasons that cause the ineffective information gathering, a survey 
was undertaken with the Innovation Design Engineering double masters students, which is a 
joint programme run by the Royal College of Art and Imperial College London. 
5.3.1 Survey 
In this survey, there were 21 male and 10 female participants. Their background information 
is shown in Table 5.1.  
The intake of participants is diverse with approximately one third of the students coming 
from product, industrial and graphics design backgrounds, one third coming from engineering 
backgrounds and the rest from diverse backgrounds. The average age on the programme is 
between approximately 27 years and 29 years, depending on the cohort, and most of them 
have over 3 years design experience. 
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Table 5.1: Participants‟ detailed background information 
Gender 
Male Female 
21 10 
Age group 
20-29 30-39 40-49 50-59 
26 3 1 1 
Working 
experience 
(years) 
None 0-2 3-5 5-9 10-14 15 and over 
3 8 13 5 0 2 
Title/Degree 
Engineering Design related degree Others 
14 10 7 
The whole survey has three parts: the investigation of the reasons that cause the ineffective 
information gathering, the understanding of the effects (see detail in Section 5.4) and 
feedbacks from participants after they use the system (see detail in Section 7.4). The detail 
data of the survey and results are shown in Appendix I. 
At here, the first part will be described in detail. Each participant will answer a questionnaire 
based on his or her own experience. The questionnaire contains 9 questions and responses 
from participants are analysed to investigate the reasons that cause the ineffective information 
gathering.  
 
Figure 5.1: Survey question 1 of part 1 (When designing do you feel that you perform more 
creatively when tackling a problem you are familiar with, rather than one which you are not 
familiar?) 
strongly agree 
13% 
agree 
58% 
disagree 
29% 
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Figure 5.2: Survey question 2 of part 1 (For the application that you are not familiar with, if 
you have enough time for related information gathering, that your output will be creative?). 
From Figure 5.1, over 70% of participants admitted that they performed more creatively 
when dealing with familiar problems, rather than unfamiliar ones.  Figure 5.2 shows that 
around 84% of participants felt that they could also generate creative outputs when dealing 
with unfamiliar tasks provided they had enough time for related information gathering. These 
two questions indicated that information gathering plays important role during creative 
outputs generation. The reason participants could be more creative when dealing with 
familiar problems is they could gather more problem-related information.  
 
Figure 5.3: Survey question 3 of part 1 (For a 6 months project in the domain which you are 
familiar with. Normally how much time do you allow for information gathering?) 
strongly agree 
26% 
agree 
58% 
undecided 
10% 
disagree 
6% 
within 1 week 
10% 
1-3 weeks 
64% 
1-3 months 
26% 
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Figure 5.4: Survey question 4 of part 1 (For a 6 months project in a domain which you are 
NOT familiar with. Normally how much time do you allow for information gathering?) 
For a six months project, if it is in the domain that designers are familiar with, 74% of 
participants would cost less than one month on task-related information gathering (shown in 
Figure 5.3). For unfamiliar domains, this Figure shrinks into 39% and over 60% of 
participants had to use over one month to get enough task-related information (shown in 
Figure 5.4). It could be concluded that when designers dealt with projects in domains they 
were not familiar with, the information gathering time would significantly increase compared 
with the amount of time budget in familiar domains.  
 
Figure 5.5: Survey question 5 of part 1 (The time for the information gathering is normally 
NOT enough.) 
within 1 week 
3% 
1-3 weeks 
36% 
1-3 months 
58% 
over 3 months 
3% 
strongly agree 
13% 
agree 
51% 
undecided 
26% 
disagree 
10% 
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Figure 5.6: Survey question 6 of part 1 (If you have more time for information gathering, 
your output will be better?) 
From Figure 5.5, only 10% of participants felt that the time budget for information gathering 
is enough. From Figure 5.6, nearly 80% of participants indicate more time budget to be 
beneficial for information gathering to improve their outputs, regardless of design tasks from 
familiar domains or unfamiliar ones. These results indicated that even dealing with design 
tasks from familiar domains, the time budget for information gathering is not enough. 
Considering the six months project at hand, if it is in familiar fields, the pre-set one month 
time budget for information gathering is normally not enough to generate better creative 
outputs.  
Based on the above analysis, the lack of time budget for effective information gathering is 
one of the main reasons that depress the final creative outputs of a design task. However, in 
modern business, because time pressures for product often dominate, the challenge changes 
to find effective methods to increase the efficiency of information gathering in pre-set limited 
time budget. From Figure 5.1 and Figure 5.2, designers may perform better in dealing with 
design tasks in fields they are familiar with rather than unfamiliar ones. Therefore, the 
hypothesis was posed that increasing the knowledge accumulation in the problem related 
fields could improve the efficiency of information gathering   
strongly agree 
13% 
agree 
65% 
undecided 
6% 
disagree 
16% 
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Figure 5.7: Survey question 7 of part 1 (If you need help from an expert, do you know which 
kind of expert you should ask for?) 
 
 
Figure 5.8: Survey question 8 of part 1 (If you go to an expert to ask for help on related 
information gathering, the work will be more efficient than you work alone.) 
strongly agree 
16% 
agree 
55% 
undecided 
19% 
disagree 
10% 
strongly agree 
16% 
agree 
39% 
undecided 
23% 
disagree 
19% 
strongly disagree 
3% 
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Figure 5.9: Survey question 9 of part 1 (If you go to an expert in a domain you are unfamiliar 
with and the expert is unfamiliar with your design question either, there are communication 
problems between you.) 
In real design processes and opportunities, in order to compensate for shortages of knowledge 
accumulation in problem related fields, designers may learn the related knowledge by 
themselves or consult experts for guidance. The data in Figure 5.8 represents that over half 
participants agreed that expert guidance could provide more help on information gathering 
than working alone. Therefore, with the incensement of diversity in the category of fields and 
the limited amount of attention in everyday life (Csikszentmihalyi, 1996), a designer may 
spend a long time on obtaining a basic accumulation of knowledge by working alone. But for 
the expert guidance, the data from Figure 5.7 showed that nearly 30% of participants were, 
sometimes, unsure which kind of experts they should approach. More than that, if the 
problem lies in fields that designers are unfamiliar with, Figure 5.9 represents that around 88% 
of participants admitted that there were communication problems between them and the 
experts who they consulted. The reason is experts may be stymied by ineffective dialogue 
with limited understanding of subject subtleties or design context.  
5.3.2 Basic Theories 
One of the purposes of knowledge accumulation is for the generation of creative ideas. 
Creativity can be described as “the ability to invent or develop something new of value” (e.g. 
see Childs, 2004). For a design problem, a creative idea can be regarded as an idea that brings 
strongly agree 
3% 
agree 
58% 
undecided 
26% 
disagree 
13% 
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“new value” which can be of societal or financial benefit or indeed both of these. There are 
usually two approaches to add “new value” for design products: 
 Approach 1: A new design that has never appeared before is proposed; 
 Approach 2: Improvement updates have been undertaken on an existing design, such 
as integrating new functions, or improving the performance of some components. 
As the majority of designs stemmed from new incorporations of earlier inventions 
(Henderson, 1991), Approach 2 is more widely used than 1 as the main route to achieve “new 
value” in products and systems. 
The description of approach 2 suggests the requirement that designers have to understand and 
be able to explore earlier inventions before making improvement updates on existing designs. 
Therefore, it seems valuable to have or to build a database that includes all earlier inventions 
in a field. Once designers face a task that relates to this field, they can directly receive task 
related knowledge assistance from the database.  
However, because the categories of fields are extremely diverse, it is hard to cover all earlier 
inventions in all fields. Moreover, because of the specification of each database, the more 
fields the design task is related to, the more inventions designers have to analyze, and the 
more time the analysis process would cost. Therefore, the principle of the database should 
consider the complexity of the fields and the time cost for information analysis.  
It was indicated that an invention in one field can be transformed as the integration of 
coordinated fundamental technical effects in that field and other associated fields (Orloff, 
2006). If an existing technical system can be explained using technical effects, then similar 
kinds of systems can also be built by using these effects. A technical effect can be used to 
design a multitude of technical systems that differ in form, topology and material as an effect 
can be materialised in several topologies, each topology in several forms and each form in 
several materials (Zavbi and Duhovnik 2000). Savransky (2000) stressed that quite often 
knowledge of various effects is necessary for solving a technique problem and each effects 
may be a key to solve a large group of problems. Studies of numerous patents indicated that 
strong inventive solutions are frequently obtained by using effects that have rarely or never 
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been used previously in a specific area of technology (Savransky, 2000). Approach 2 could 
be updated into approach 3 as follows; 
 Approach 3: An unexpected and new usage of a known effect or combination of 
several effects completes the improvement updates on an existing design. 
Based on this theory, the “new value” could be achieved through finding new uses or 
combinations of known effects. Hix and Alley (1958) pointed that a good knowledge of laws 
and effects helps in foresight of possible trouble areas in the early development stages of a 
project. Koyama et al. (1996) suggested that a database of effects and laws can provide 
important information for behaviour in the invention and development of products by 
supporting creativity in the engineering design process. As the majority of designs are new 
incorporations of earlier inventions, the effects used in a new design may inherit from effects 
used in earlier inventions. Thus, the total number of basic effects in a field is limited and it is 
possible to build a database to include all known effects in all fields.  
5.4 Traditional effects definitions  
Koyama et al. (1996) undertook research on a database of natural effects and laws. In this 
database, laws are represented by events separated into descriptions of the constraints on the 
way of viewing and behaviour of things. The way of viewing things comprises of physical 
quantities, constraints on the quantities and structure of things. The constraints on structure 
are represented using substances, fields and positional relationships among them. The 
constraints on a substance comprise its material, shape and spatial distribution. The behaviour 
of things is represented: qualitatively, in the form of processes, and quantitatively, in the form 
of equations involving physical quantities. Koller (1998) considered technical effects as an 
important source for innovation. He also built a catalogue of technical effects, structured 
using basic operations and required input-output combinations.  
Based on Henderson‟s investigation, effects should be collected from the conclusions from 
existing domains or from design knowledge from existing designs. A successful design 
demonstrates the conclusion of design thinking. The design shows that something is possible 
and in this way defines and adds to the knowledge database. Principles from each subject 
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domain are readily available in handbooks and reviews. Interdisciplinary research has also 
augmented knowledge in this area. 
The research that led to the development of TRIZ identified patterns in the use of specific 
physical, chemical and geometric effects in successful inventions (Orloff, 2006). These 
effects are concluded from an analysis of humanity‟s scientific-technical knowledge which 
includes universal knowledge from elementary and secondary school, specialised knowledge 
from college and university studies, and knowledge from works with scientific-technical 
sources of information. Some examples are shown in the following Tables: physical effects 
(Table 5.2), chemical effects (Table 5.3) and geometric effects (Table 5.4). 
The effects in Tables 5.2-5.4 are only related to physics, chemistry and geometry.  A design 
task or problem may be related to various fields including effects in the existing Tables. As 
the Tables only provide the name of effects and as these effects come from various fields, it 
may be difficult for designers to understand all of them and select problem relevant ones 
quickly.  
Table 5.2: Selected examples of physical effects 
# 
Required effect, 
property 
Physical phenomenon, effect, method 
1 
Temperature 
measurement 
Thermal expansion and changes it causes in the frequency of vibrations, thermal-
electrical phenomena, radiation spectrum, changes in the optical-electromagnetic 
properties of materials, exceed the Courie point, Hopkinson‟s effect, Barkhausen‟s 
effect 
2 
Reduce 
temperature 
Thermal conduction, convection, radiation, phase transitions, joule-Thompson 
effect, Ranke effect, magneto-caloric effect,  
3 
Raise 
temperature 
Thermal conduction, convection, radiation, electro-magnetic induction, dielectric 
warming, electronic warming, electrical discharges, absorption of radiation by 
material, thermal-electrical phenomena, shrinking of an object, nuclear reaction 
4 
Stabilise 
temperature 
Phase transition (for example, exceeding the Courie point), thermal isolation 
Table 5.3: Selected examples of chemical effects 
# 
Required effect, 
property 
Chemical phenomenon, effect, method 
1 
Temperature 
measurement 
Thermo-chromatic reactions, movement of the chemical balance with 
temperature changes, chemical luminescence 
2 Reduce temperature Endothermic reactions, dissolve materials, split gases 
3 Raise temperature 
Exothermic reactions, burning, high-temperature synthesis that propagates 
itself, use of strong oxidants, use of thermite mixtures 
4 Stabilise temperature Use of metallic hydrates, application of thermal isolation from foam polymers 
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Table 5.4: Selected examples of geometric effects 
# Required effect, property Geometric phenomenon, effect, method 
1 
Decrease or increase in the scope of an 
object 
Compact packaging of elements, compression, single-
shell hyperboloid 
2 
Decrease or increase the surface of length 
of an object without changes in mass 
Construction with several floors, sue of geometric shapes 
with flexible outlines, Mobiu tape, use neighboring 
surface 
3 
Transformation of one way to move into 
another one 
Releau triangle, cone-shaped ram, crank-cam propulsion 
4 
Concentration of the flow of energy, 
particles 
Paraboloids, ellipses, cycloids 
During the survey, understanding about effects was also investigated in the second part. 
Figure 5.10 shows the survey results of the understanding of the definitions of 8 selected 
effects. These effects were randomly selected from the traditional effects Tables. Only for the 
“thermal radiation”, “oxidation reaction” and “deoxidisation reaction”, the number of people 
answered “Yes” is more than the people answered “No”. The other five effects had never 
been heard by more than half participants. For the “Cerenkov effect” and “Barkhausen effect”, 
only one in seven and one in fifteen candidates, respectively, understood the definition of 
these two effects.   
 
Figure 5.10: Survey question 1 of part 2 (Do you understand the definitions of the following 
principles?) 
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Figure 5.11: Survey question 2 part 2 (Before using the database, please judge whether the 
following principles relate to energy change?) 
Figure 5.11 shows the survey results of understanding of 9 selected effects to judge whether 
they related to energy change. In the 9 selected effects, “thermal radiation”, “thermal 
conduction”, “Tunnel effect”, “Luminescence” and “Emission of electrons” are related with 
energy change. The rest “Hall effect”, “Faraday effect”, “Cerenkov effect” and “Barkhausen 
effect” are not related with energy change. Most participants could consider that “thermal 
radiation” and “thermal conduction” are related with energy change and “Hall effect” is not 
related with energy change. However, for the “Faraday effect”, “Cerenkov effect” and 
“Barkhausen effect”, the number of candidates made the wrong judgement are 8, 6 and 7, 
respectively, which all are over 5.  The “Tunnel effect” should be related with energy change, 
but the majority of candidates misjudged this. For the “Luminescence” and “Emission of 
electrons”, obviously, candidates have arguments on them.   
Based on the survey results from Figure 5.10 and 5.11, it may be valuable to provide detail 
information for each effect to help designers understanding them and quickly selecting 
problem relevant ones.   
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5.5 Effects Genius 
5.5.1 Detailed definition  
To provide reliable and solid definitions for effects, reference books, websites and journal 
papers were studied. For each effect a definition, a book reference and a web reference were 
developed and selected. An example is shown in Table 5.5.  
As in the Table, the detail definition contains five elements: number, name, brief definition, 
book or journal reference and web reference. The definitions are summarized from 
established text books and well referenced journal papers. The provided reference books or 
journals are well selected from many candidates. Most of them are selected from libraries to 
make sure they are easy to access by the users. The web references also provide valuable 
detailed information to help users understanding the effects. All the web references are 
selected from established trust-worth websites. Most of them end with “.org” and “.edu”.   
Therefore, designers could select a design task relevant effect through reviewing the brief 
definition of this effect and exploring more detail information through the reference provided. 
The whole results are in Appendix ІІ.  
Table 5.5: An example detailed definition 
# 
Physical 
principle 
Definition 
Book or Journal 
reference 
Web 
reference 
1 
Thermal 
expansion 
Linear expansion: suppose a rod of material 
has a length L0 at some initial temperature 
T0. When the temperature changes by ΔT, 
the length changes by ΔL. These 
relationships may be expressed as: 
 
0
L L T    
Where α is the coefficient of linear 
expansion.  
Volume expansion: as with linear expansion, 
if the temperature changes  ΔT, the increase 
in volume ΔV may be expressed as: 
 
0
V V T    
Where β is the coefficient of volumetric 
expansion. 
Young, H. D., et al., 
2008. Sears and 
Zemansky's university 
physics: with modern 
physics. 12
th
 ed. Press: 
Pearson Addison 
Wesley. 
http://hyper
physics.phy
astr.gsu.edu/
hbase/therm
o/thexp.htm
l 
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5.5.2 New effects conclusion  
Through providing reliable and solid information for effects in the initial Table, 128 physical 
effects, 78 chemical effects and 28 geometric effects were selected for this initial phase of 
activity. 
Since the effects from TRIZ are predominantly engineering-relevant, the effects database 
provides limited support outside the engineering domain. For example, in toy design for 
children, it is valuable to know the basic psychological effects of children, such as colour bias, 
shape bias, etc., to make toys more enjoyable. To compensate for this limitation, the database 
of the effects database was supplemented by a further 47 psychological principles and effects 
and 46 design principles and effects.  
After the effects conclusion was finished, the effects database included over 300 design-
relevant technical effects and principles from physics, chemistry, geometry, design, and 
psychology. Some generic effects and principles were shown in Table 5.6.  
Table 5.6: Examples of selected generic effects and principles in the effects database 
Category Effects and principles 
Physical effects 
and principles 
Thermal expansion, Radiation spectrum, Curie point, Hopkinson effect, 
Barkhausen effect, Thermal conduction, Thermal convection, Thermal 
radiation, Phase transition, Joule – Thompson effect, Magneto – caloric 
effect, Electro – magnetic induction, Electric heating, Electric discharge, 
Radiation absorption, Shrinking, Thermal insulation, Reflection of light, 
Radiation of light, Photoelectric effect, X-ray, Doppler effect, Nuclear 
reaction, Magnetic field, Radioactive ray,  “Centrifugal” force, Light 
pressure , Piezoelectricity, Magnus effect, Osmosis, Thomson effect, 
Bernoulli effect, Weissenberg effect, Coanda effect, Electrify, Electric 
field, Condensation, Holography, Electrostriction, Moiré effect, Magneto- 
striction,  Bauschinger effect 
Chemical effects 
and principles 
Thermo-chromatic reactions, Chemiluminescence, Endothermic reactions, 
Exothermic reactions, Explosion, Electrolysis, Transport reactions, 
Synergistic effect, Oxidation-reduction reaction, Deoxidisation reactions, 
Use of helium, Dissolving bonds, Photo-chemical reactions, Electro-
chemical reactions, Biodegradable materials, Phase transitions , Energy 
transformation , Self-clustering molecules, Oxidation reactions, 
Hydrophilic materials, Hydrophobic materials, Photo chromes, Electric 
chromes, Thermal chromes, Etching, Exchange reactions, Lacquers, 
Thermo-chemical reactions, Radio-chemical reactions, Luminescence, 
Bioluminescence, Periodic reaction, Catalyzing,  Magnetised water, 
Molecular membranes, Inhibitors, Inert gases , Protector materials 
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Geometric effects 
and principles 
Compact packing of elements, Compression, Construction with several 
floors, Mobius tape, Reuleaux triangle, Crank-cam  propulsion, Cone-
shaped ram, Paraboloids, Ellipse, Cycloid, Transition from a linear 
process to a face process, Eccentricity, Screwing  spirals, Balls, Triangles, 
Shape-changing objects, Using multi-angels objects to replace round ones, 
Analogy 
Psychological 
effects and 
principles 
Childhood amnesia, Cathartic effect, Baby‟s facial preference, Baby‟s 
taste and smell, Piaget‟s stage theory, Colour, 3D vision of human eyes, 
Top-down lighting bias, Opponent-colour theory, Dark adaptation, 
Snellen acuity, Trichromatic theory, Stroboscopic motion, After effects, 
Selective adaptation, Orientation sensitivity, Weapon focus 
Design effects 
and principles 
Uniform connectedness, Proximity, Similarity, Expectation effect, 
Kamin‟s blocking effect, Evaluation apprehension, Social facilitation, 
Performance load, Overjustification effect, Fitts‟ law, Open system 
theory, Isolated system theory, Golden ratio, Fibonacci sequence, Signal-
to-noise ratio, Hick‟s law, Expectancy valence theory, Weber – Fechner 
law, Ceiling effect, Stevens‟ Law, Uncertainty principle, Hierarchy, 
Layering, Modularity, Mnemonic device, Interference effect, Mapping, 
Prototyping, Redundancy, Iteration, Ockham‟s razor, Entry point, 
Mimicry, Structural forms, Symmetry, Profound adaptation effect, 
Recognition over recall, von Restorff effect, Shadowing, Inattention 
blindness 
Cavallucci (2002) argued that engineering students are not usually taught to apply these 
effects to practical situations, and engineers and designers frequently face problems while 
using the effects. The survey results in Section 5.3 also revealed the fact that it may be 
difficult for engineers to directly judge which effects are related with a design task based on 
their definitions only. If design tasks are related to fields they are relatively unfamiliar with 
and the knowledge accumulation they have is not specific to these design tasks, this situation 
may be compounded.  
Because these effects are discovered and defined by scientists primarily for the explanation of 
phenomena, these effects are described in scientific literature. It is necessary to provide 
additional information for each effect to specific its features which can help designers 
selecting task-related ones from the database.   
5.5.3 Effect-related keywords 
To help designers to select task related effects from the database, including the definition and 
references, each effect is provided with effect-related keywords as well. The keywords of an 
effect are concluded from the definition of this effect. Some examples are shown in Table 5.7. 
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The effect “Thermal expansion” is provided with 5 related keywords. The effect “Thermal – 
electrical phenomena” is provided with 6 related keywords. All these keywords are contained 
in the definitions of related effects.   
Table 5.7: Some example effects with related keywords 
Effects Keywords 
Thermal expansion linear, expansion, temperature, volume, thermal 
Thermal – electrical phenomena conversion, temperature, difference, electric, electricity, voltage 
Radiation spectrum electromagnetic, waves, frequency, wavelength 
Thermal radiation electromagnetic, radiation, thermal, motion, molecules, 
These keywords can help building an index system to help users selecting effects they need. 
As they are concluded from the definition of effects, each effect has many keywords and each 
keyword may be related with many effects. In Table 5.7, the keyword “temperature” is 
contained in the effects “Thermal expansion” and “Thermal – electrical phenomena”. The 
keyword “thermal” is contained in the effects “Thermal expansion” and “Thermal radiation”. 
The keyword “electromagnetic” is contained by effects “Radiation spectrum” and “Thermal 
radiation”. If one of the keywords that a design task is related is “temperature”, the effects 
“Thermal expansion” and “Thermal – electrical phenomena” will both be identified.  
5.5.4 Integration of the Effects Genius into the creativity engine 
Figure 5.12 illustrates the integration of the Effects Genius into the creativity engine model. 
After the problem related cues are concluded from the short term memory by manipulating 
the background information of the design task, these cues are used as keywords to select 
problem related effects from the Effects Genius. Thereafter, these effects are used as cues to 
retrieve information from the long term memory of problem solvers. Meanwhile, problem 
solvers can access online information through the references related with each effect as well. 
More than that, with the series of effects, experts may provide enlightening knowledge 
guidance for the design task. Thus, the knowledge accumulation related with the design task 
could be established. Finally, following the working process of the creativity engine model, 
creative outputs can be generated. 
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Figure 5.12: Integrated the Effects Genius into the creativity engine model 
5.6 Chapter conclusion  
In this chapter, an effects database named “Effects Genius” has been described to aid 
designers to generate creative ideas following the working process of the creativity engine. In 
a real design processes, some design applications involve subjects that the designer or design 
team may not be familiar with. This is commonly addressed by consultations with a subject 
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expert or subject expertise, who, however, can be stymied by ineffective dialogue with 
limited understanding of subject subtleties or design context. A survey has indicated a link 
between the time for knowledge gathering and time for defining appropriate knowledge scope. 
In addition, issues of communication between the designers and the experts have been 
identified with both unfamiliarity with the subject domain and understanding the context of 
design questions being important factors. In order to improve access to expert information, a 
database of effects, arising from TRIZ, has been extended to enhance use across a wide range 
of domains by including psychological and design principles. The Effects Genius includes 
over 300 design-relevant technical effects and principles from physics, chemistry, geometry, 
design, and psychology. Each effect is provided with a detailed definition, a book reference 
and a web reference. Besides this information, each effect is also provided with several 
related keywords, which can be used as the index for a user to select the effects they need.  
By integrating the Effects Genius into the creativity engine, the knowledge accumulation 
related with the design task can be established by retrieving knowledge from the long term 
memory of problem solvers with problem related effects, accessing online information 
through references contained in the effects, and gaining knowledge support of unfamiliar 
fields from experts based on the problem related effects. Finally, following the rest of the 
working process of the creativity engine model, creative outputs can be prompted and 
generated.    
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6 Effects Genius System 
6.1 Introduction 
The majority of designs stem from new incorporations of earlier inventions and there is 
substantial evidence to suggest that an invention in one field can be transformed as the 
integration of coordinated fundamental technical effects in that field and other associated 
fields (Henderson, 1991; Orloff, 2006). The effects aim to assist designers undertaking 
improvement updates on existing designs, such as integrating new functions, or improving 
the performance of components and sub-systems as well in the formation of new concepts to 
deliver specific functions. Because all data was historically recorded on hard copies (e.g. 
papers), users had to manually search the entire database to select problem related effects and 
principles. It can be time consuming and inefficient to use a paper based database in real 
designs. Puccio (2010) indicated that the application of software programs to mimic creative 
processes is one of the future trends for creative methods. Therefore, it is worthwhile to 
convert the paper based Effects Genius into an electronic version, in which the database 
query task is carried out by background programs.  
This chapter describes six aspects to illustrate the detail of the e-version Effects Genius 
system: 
1 Initially, the aims of the system is analysed and its high level flowchart is designed. 
The whole system has three parts: webpage downloader, webpage content analyser 
and Effects Genius system. 
2 The webpage downloader is implemented by a web crawler technique to download 
webpages from target websites. Its detailed flowchart is analysed. 
3 The webpage content analyser explores the detail content of each downloaded 
webpage and writes valuable data into the database, which could update the original 
data in the database. 
4 The detail of the Effects Genius is illustrated, including its flowchart, components and 
detail working flow. 
5 According to the functions of the system, the database is designed. 
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6 Finally, after the system is implemented, all functions of the whole system have been 
tested. The tests have two parts: information gathering and analysis system 
performance test and Effects Genius system test.   
6.2 System Structure  
6.2.1 The aims and design specifications of the Effects Genius system 
The main function of the Effects Genius system is to provide problem related effects and 
principles to assist designers to rapidly define the knowledge scope of design tasks. To realise 
this function, a database should be designed to record all information of the concluded effects 
and principles and the system should have search functions to search design-related effects 
from the database. However, as the complexity and variety of modern knowledge fields 
continually increases with the development of science, new effects or principles may be 
proposed and some existing ones may be redefined. To maintain the effectiveness of the 
system, the data in the system must be regularly updated and new proposed effects should be 
identified from published data sources and included. Therefore, the system should also be 
implemented with information gathering and analysis functions.  
In order to satisfy the above analysis, the design specification of the system is defined as 
follows:   
1. For easily public access, the system is deployed on website; 
2. A database is designed to record all information of the concluded effects and 
principles, such as definition, references and related keywords; 
3. Each effect or principle is a record in the database; 
4. A search function is designed to provide searched results that related with user input; 
5. As the system is online-accessed, the data of the effects is edited into HTML format; 
6. An information gathering and analysis function is designed to update the data in the 
database. 
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6.2.2 High-level flow chart for the Effects Genius system 
According to the design requirements of the Effects Genius system, the whole system will be 
designed into two parts: information gathering and analysis system and Effects Genius 
system. The architecture of the system is shown in Figure 6.1. The information gathering 
system collects information from internet sources and writes valuable data into the database. 
The user access the Effects Genius system to gain design related effects.  
 
Figure 6.1: Architecture of the Effects Genius system 
The high level flow chart of the Effects Genius system is shown in Figure 6.2. The whole 
system consists of three parts: webpage downloader, webpage content analyser and Effects 
Genius system.  
The webpage downloader downloads webpages from internet and converts the format of 
these webpages into Hypertext Markup Language (HTML) in the meantime. For each 
webpage, the webpage content analyser analyses its content and writes valuable information 
into the database. The Effects Genius system outputs corresponding results of the design 
related effects. 
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Figure 6.2: High level flow chart of the Effects Genius system 
6.3 Database structure  
6.3.1 Effect webpage 
The function of the database is to record all the information of the concluded effects and 
principles, including its definition, references and keywords. The definitions of effects 
include words, images, equations and Tables. To alleviate future database maintenance work, 
the data of each effect were reedited in Microsoft Word 2007 using and saved in HTML 
format. There are some benefits of doing this. Because the system is designed as online 
accessed, HTML format is the most common format used by websites and is compatible with 
various internet explorers. Moreover, many word processing software packages can edit this 
format of webpage, such as Microsoft Word 2007, so users do not need to purchase 
professional software to edit HTML webpages. Furthermore, the syntax of this format is 
simple and easy to learn, it is easy for future system developers to add more webpages in this 
format. One example is shown in Figure 6.3. The web reference hyperlink could directly 
access to the reference website.  
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Figure 6.3: An example effect webpage in HTML format 
6.3.2 Generic keywords 
After finding all the effect-related keywords in the database, there are 213 generic keywords 
in total excluding duplicate ones (shown in Table 6.1). These keywords are all effect-related. 
If any information contains one or more keywords from the generic keywords list, this 
information will be effect-related as well. By gathering effect-related information of an effect, 
the data of this effect can be updated. For example, the example effect in the Figure 6.3 is 
“Curie point”. Its book reference is a book edited by “Serway et al.” and published in “1996”. 
This reference can be updated into new version or replaced by other relevant ones according 
to the effect-related information. The generic keywords are used on the webpage content 
analyser to find keywords related information, which is used to update the data in the 
database.  
Table 6.1: Generic keywords concluded from the data in the Effects Genius 
Generic keywords 
absorption, acid, acoustic, adhesion, adsorbents, adsorption, aerosol, alkali, alloy, amorphous, 
amplification, amplitude, anion, anodic, atomic, atoms, beams, benzene, birefringence, Bloch, boiling, 
bremsstrahlung, bromide, bubbles, capacitor, capillary, carbon, catholic, chemiluminescence, chromium, 
clustered, coefficients, cohesion, colliding, collision, combustion, compliant, components, compressibility, 
condense, condenser, continuum, convex, cooper, covalent, covalent, crank, creep, Currie, cylindrical, 
demagnetisation, deoxidisation, dielectric, diffraction, diffuse, dipole, dispersed, droplets, elasticity, 
electrolytes, electromagnetic, electromagnetic, electromotive, electromotive, electron, electrons, 
electroplating, electrostatic, electrostriction, elevation, emulsion, endothermic, entanglements, enthalpy, 
entity, entropy, exothermic, ferroelectric, ferromagnetic, fission, foams, friction, fusion, gamma, gradient, 
gravity, hadron, helium, heterogeneous, homogeneous, hydrogen, hydrogen, hyperbolic, incompressible, 
indicator, inductor, inertia, inhomogeneity, inhomogeneous, insertion, intermediate, intermolecular, 
interstitial, ionic, ions, isolation, isothermal, isotropic, Kerr, kinetic, lattice, lattices, lepton, longitudinal, 
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luminescence, macromolecules, magnetism, magnetization, magnetize, magnitude, melting, membrane, 
metallic, microwaves, modification, molecules, molecules, momentum, monomer, mordant, nucleons, 
nucleus, organism, oscillation, oscillations, oxidant, oxidation, oxides, oxygen, paraboloid, paramagnetic, 
Pascal, pendulum, perpendicular, phenomenological, phonon, phosphorescent, photomagnetic, photons, 
pigments, planar, plasma, plastic, pockels, polarisation, polarised, polarising, polymer, polymer, polymeric, 
porous, propagate, propagation, proportionality, propulsion, proton, pulses, quantum, quasi, radiation, 
radicals, radioactive, radioactivity, reactance, reactant, recoil, reflection, refractive, refringent, reluctance, 
repel, resistance, resonance, restoration, resultant, saddle, scattering, scattered, semiconductor, 
solidification, solvent, sparking, specular, spinning, spins, splitting, superconductors, superconductors, 
superimposed, susceptible, synthesis, synthetic, tensor, transformation, transverse, vacuum, vapour, 
vapourisation, vector, vessels, vibration 
6.3.3 Database structure 
Based on the requirements of the system design, the logic structure of the database should 
include the following information for effects: names, the hyperlink of webpages, related 
keywords. The detailed structure is shown in Table 6.2.  
Table 6.2: The information table of effects 
Field Name Data Type Nullable Constrain Description 
Effect_ID Long Integer NOT NULL Main Key The ID of each effects 
Effect_Name Text NOT NULL N/A The name of each effect 
Effect_Link Text NOT NULL N/A 
The webpage hyperlink of each 
effect 
Effect_Keywords Text NOT NULL N/A 
The related keywords of each 
effect 
The database used in the Effects Genius system is Microsoft Access 2000. After the structure 
of the database was confirmed, the information of all concluded effects had been loaded into 
the database. An image view is shown in Figure 6.4. 
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Figure 6.4: An image view of a portion of data in the database 
6.4 Effects Genius system  
6.4.1 System flowchart  
The main function of the Effects Genius is to provide design problem related effects. The 
system is designed as an online ready access data search system. The flow chart of the Effects 
Genius is shown in Figure 6.5.  
At the search page, users input one keyword into the database. Then background programmes 
read this keyword and search related effects and principles in the database. If the background 
programs found that there is not matched result, the system will jump to a warning page to 
inform users it has failed to find matched information. Users have to check the reasons and 
the program jump back to the search page, otherwise, the program will jump to the result list 
page to provide the searched results. After users finish examining all the effects and 
principles in this search results, users can go back to the search page and input the next 
keyword. In this loop, all the keywords will be inputted into the database, and all keywords 
related effects and principles will be selected. Finally, the search work finishes. 
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Figure 6.5: The flow chart of the Effects Genius 
6.4.2 System components 
The system is designed as an online ready access data search system. To realise it, several 
programming languages including Java, HTML, JSP, and SQL were used. The framework of 
the system was written in Macromedia Dreamweaver 8 using JSP, and the background 
programs were developed using Java and SQL. The development platform was NetBeans 
IDE, which integrated Apache Tomcat as the web server. The detailed framework of the 
system has three parts: search page, warning page and results list page. 
 Search page 
The search page is shown in Figure 6.6. The left side is a search dialogue for the input of 
problem related keywords and the right side is an instruction for the keywords selection. 
Once designers enter one keyword into the database, the background programme search 
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keyword related effects or principles in the database. In Figure 6.6, the keyword “temperature” 
is input into the search bar. 
 
Figure 6.6: The search page of the Effects Genius 
 Warning page 
Figure 6.7 shows the warning page of the Effects Genius. The main content of the warning 
page is to inform users that no matched information was found. Users can click the hyperlink 
“return” to back to the search page.  
 
Figure 6.7: The warning page of the Effects Genius 
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 Result list page 
The framework of Results list page is shown in Figure 6.8. At the left side of the results list 
page, the matched effects and principles are listed. The right side of this page is the area that 
shows the detailed information of each selected result including its definition, book reference 
and web reference. Users can explore more information about each search result by referring 
to the book reference and web reference of this effect or principle from open-source 
knowledge-bases. After finishing the examination about keyword related results, designers 
can go back to search page to enter another keyword by click the hyperlink “return”  at the 
bottom of the left side. 
 
Figure 6.8: The result list page of the Effects Genius 
6.4.3 The working flow of the Effects Genius system 
The working flow of the Effects Genius system in the early stage of general design process is 
shown in Figure 6.9. The five steps are explained in detail as follows:  
1. Concluding problem related keywords (Step 1): Based on the information and facts 
from previous stages, some keywords are proposed. A keyword should be a simple 
word that is related with the design problem (detail in Section 6.4.4). 
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2. Searching the database (Step 2): In this step, once designers enter a keyword into the 
database, the background programs search keyword related effects or principles in the 
database and then list results obtained in the results list page.  
3. Exploring information for each effect identified (Step 3): This step is for designers to 
briefly examine the information of each effect or principle in the results list page 
including its definition, book reference and web reference. After finishing 
examination of keyword related results, designers can revisit Step 2 to enter another 
keyword. 
4. Exploring more information for the specific effects identified (Step 4): During step 3, 
designers can refer to the book reference and the web reference of an effect or 
principle to explore more information from open-source knowledge-bases.  
5. Enhancing the knowledge accumulation in problem related fields (Step 5): After all 
the keywords have been entered and keyword related results examined, designers 
have an indication of the scope of knowledge they may need to explore in the problem 
related fields. These results could be regarded as the cues to retrieve related 
knowledge in the long term memory of designers. Moreover designers could “inform” 
the experts that these effects or principles were related with their design tasks and ask 
for related specific knowledge guidance even though the experts may not understand 
the design tasks. Thus, the problem related effects and principles could be selected to 
enhance their knowledge accumulation. 
 
Figure 6.9: The working flow of the Effects Genius in general design process 
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Sometimes, the knowledge guidance from experts may stimulate designers to conclude new 
keywords or replace previous keywords by more appropriate ones. In this situation, designers 
may repeat the database searching process using the new keywords. 
6.4.4 Integrating the Effects Genius system into the creativity engine  
After the implementation work of the Effects Genius system, the process illustrated in 
Section 5.6 (Figure 5.12) can be transferred into the process illustrated in Figure 6.10. The 
task related effects will be prompted by the Effects Genius system.   
 
Figure 6.10: Integrating the Effects Genius system into the creativity engine 
The whole process could be classified into three steps: keyword conclusion, related effects 
analysis, and idea generation.  
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 Keyword conclusion 
By relating with the short term memory analysis, in the working process of the creativity 
engine, in this phase, the design task is analysed and problem related keywords are concluded. 
Through the problem analysis, including problem finding and problem definition, the number 
of pieces of information a design task is related can be analysed. Then the short term memory 
concludes task related cues from these pieces of information. These cues are used as 
keywords in the Effects Genius system. To describe this process in detail, an example design 
task is used: “A building located aside the sea, needs an air conditioning system to reduce the 
temperature inside the building. The budget is limited. Your task is to suggest design 
concepts for an environment management system for this building”. By analysing the 
background information and the aim of the design task, some valuable information were 
“aside the sea”, “reduce temperature”, and “low budget”. Then, some cues are concluded. For 
example, the terms “temperature”, “heat”, and “energy” were stemmed from the information 
“reduce temperature” as the change of the temperature of an environment is usually related 
with energy change and the transportation of heat from high temperature environment to the 
environment with low temperature. The term “water” is stemmed from the information “aside 
the sea” as sea contains enormous volume of water.     
 Related effects analysis 
After the conclusion of task related keywords, the remaining 4 steps in the Effects Genius 
system are followed. Then, task related effects are identified. By consulting experts, 
searching online information, retrieving related knowledge from the long term memory of the 
designers, the knowledge accumulation of the problem related fields is established 
 Idea generation 
Based on knowledge accumulation, designers‟ mental activities back to the short term 
memory and generate ideas by combining these relevant pieces of information. Finally, 
creative outputs are proposed.  
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6.5 Webpage downloader 
The main function of Webpage Downloader is to download the webpages from websites and 
save the webpages in HTML format. To realise this function, a web crawler technique is 
implemented.  
6.5.1 Web crawler technology  
In daily life, people normally use search engines such as Google, Yahoo, Bing or Baidu to 
explore information from the internet (Prieto et al., 2012). The central part of the search 
engine is web crawler technology. A web crawler is a programme that can browse the World 
Wide Web in an orderly sequence. During the crawling process, it creates a copy of all the 
webpages visited for later processing. Castillo (2004) concluded a typical structure of 
standard web crawlers (shown in Figure 6.11).  
 
Figure 6.11: The high level architecture of a standard web crawler (see Castillo 2004) 
The crawler starts with a list of URLs to visit. As it visits these URLs, it identifies all 
hyperlinks in accessed webpages and adds them to the list of URLs for future visits (called 
the Queue). URLs from the queue are recursively visited according to a set of policies, which 
are as follows: 
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 Selection policy: States which pages to download 
 Re-visited policy: States when to check for changes to the pages 
 Politeness  policy: States how to avoid overloading web sites 
 Parallelisation policy: States how to coordinate distributed web crawlers 
Many commercial search engines have designed their own web crawlers (examples shown in 
Table 6.3) to provide up-to-date data. Because these search engines are commercial, the 
algorithms and architectures of these crawlers are kept confidential and locked to prevent 
others from reproducing the work. Thus, these commercial crawlers are unable to be used by 
public without permission and licensing. 
Table 6.3: Some published crawler architectures for general purpose crawlers 
Search Engine Yahoo! Bing Google Fast Search & Transfer ASA 
Crawlers Yahoo! Slurp Bingbot Googlebot FAST Crawler 
In addition to proprietary crawlers (e.g. Table 6.3), there are many general open-source 
crawlers available.  Many of these are licensed under the GNU General Public License (GPL), 
which means they are free to be studied or modified. Su et al. (2005) investigated the features 
of some open-source crawlers. The results are summarised in Table 6.4. 
Table 6.4: Some characteristic features of a selection of general open-source crawlers under 
the GPL 
Crawlers Features 
ASPseek An internet search engine, written in C++ using the STL library. 
GNU Wget A command-line-operated crawler written in C. Used to mirror Web and FTP sites. 
Heritrix Written in Java and specifically designed for web archiving. 
HTTrack Written in C. Creates a mirror of a web site for off-line viewing. 
Nutch Coded in Java. Data is written in language-independent formats. 
From Table 6.4, the programming languages used by these open-source crawlers are C, C++ 
and Java. These general programming languages, used by developers, have good 
compatibility with software also developed in those languages. Despite those common 
features, they have their own individual characteristics to specify themselves from each other.  
For example, ASPseek uses an STL library, which is a C++ template library developed by HP 
Labs. Heritrix is coded in Java. It can be deployed on different operation systems, such as 
Windows, Mac, Linux, etc.      
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After exploring the features of these open-source crawlers, HTTrack was selected as a basis 
to update the Effects Genius system. The merits and advanced features identified are included 
in the following list. 
1. Websites can be downloaded from the Internet to a local directory. Recursive building 
of all directories, getting HTML, images and other files from the server to a local 
computer.  
2. It retains the relative link-structure of original site. When users open a page of the 
mirrored website in the local webpage browser (e.g. Internet Explorer, Chrome and 
Safari) to view the site from link to link, they may „feel‟ a similar experience as 
viewing the webpage online.  
3. It is fully configurable and provides an integrated user guide system, which is a useful 
tutorial feature for novice users.  
HTTrack has two versions: a GUI version and a command-line-operated version. Both 
versions have the same functions, the only difference is the GUI version has a user interface 
but the command-line-operated version does not have a user interface. Any commands have 
to be input through the Command Prompt.  
6.5.1.1 GUI version 
HTTrack has a GUI version for Windows. Its framework is shown in Figure 6.12. The GUI 
version is easy-to-use. The left side is the system folder route tree. The right side is the 
operation framework. The detail user manual of this version can be accessed at URL: 
www.httrack.com/html/step.html.  
For the GUI version, users can define the setups through windows operation frames and 
dialogues. It has many beneficial features:  
 Users are familiar with windows version framework 
 Users do not need to remember complex commands to control the background 
programming 
 It provides many language choices, such as French, Spanish, Italian and Chinese   
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Figure 6.12: The framework of HTTrack for Windows 
However, due to the various setups for websites with specific format structures, the user has 
to manually set corresponding setups for different websites, such as URLs, results save path 
and downloading rules. If there is a large number of candidate websites, the setup work may 
be a time consuming effort. Furthermore, the setup work for a website has to be repeated 
when the same website is downloaded again. 
6.5.1.2 Command-line-operated version 
The command-line-operated version of HTTrack can perform the same functions as the GUI 
version. There is no framework. Website related setups have to be inputted through a 
Command Prompt. This version may be less user friendly than the GUI version. Users have 
to remember many commands to control different background programmes. There is no 
authorised user guide for this version. Some guides concluded from previous developers‟ 
instructions could be used as a reference guide. One example user guide could be accessed at 
URL: www.httrack.com/html/fcguide.html.      
The command-line-operated version could be integrated with other software through 
inputting correct setups in Command Prompt. Therefore, the corresponding setups for each 
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website could be set and saved in a configure file and the setup work for all websites does not 
need to be repeated. This version has been integrated into the webpage downloader.     
6.5.2 Webpage downloader 
The flow chart of the Webpage Downloader is shown in Figure 6.13.  
 
Figure 6.13: The flow chart of webpage downloader 
Initially, the programme reads the candidate websites list from the database. This list includes 
the name of the websites, accessed URLs, downloaded webpages saving directory and other 
specific setups of each website. Then, for one website, the HTTrack caller will scan the 
running processes of the computer to check whether the HTTrack programme is free or not. 
Although the HTTrack can be multi-process running to simplify further maintaining work, as 
here, it is used as a single-process programme. If the last HTTrack is still running, the 
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programme will recursively check its status every 1000 ms until it is released. The 
programme will start a new downloading process and set the corresponding setups for the 
downloading process of this website through the Command Prompt. The webpages on this 
website will be accessed and downloaded by HTTrack through the URLs provided. After this 
step, the programme will move to the next candidate website in the websites list. If there is 
another website, the programme will go back to the HTTRack caller and start a new loop. 
Through this download process, the webpages of all the websites can be downloaded for 
further processing. 
6.6 Webpage content analyser 
After the Webpage Downloader finish, the webpages of the pre-set websites will be saved 
under the base path (shown in Figure 6.13). Then the Webpage content analyser programme 
will start processing these candidate pages individually. The flowchart of Web content 
analyser is shown in Figure 6.14.  
Initially, the programme reads the keywords list from the database. This list contains all the 
generic keywords. Then, the source code of the page will be parsed and its main content 
exacted. For the next step, the content of this webpage will be matched with each keyword in 
the list. If the content contains any keywords, this page will be saved and all related keywords 
will be added into the pageKeywords list of this webpage. If no keyword is contained in the 
keywords list of a webpage, this webpage will be ignored. For those pages matched with 
some keywords, its information and related keywords added into the pageKeywords list of 
this webpage will be written into the database for further processing. After this, the 
programme will move to the next webpage and parse it until all webpages are analysed. In 
this way, all webpages will be analysed and keywords-related ones will be selected and 
stored into the database. 
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Figure 6.14: The flow chart of the webpage content analyser 
For example, Figure 6.15 shows a news webpage from Imperial College News Centre. Its 
main content text (in the red rectangle) will be exacted from the source code of this page, but 
images and other information will be excluded. This webpage introduce a new material 
“graphene”. It contained many keywords such as “electricity”, “conductor” and 
“microelectronic”. So this webpage contains valuable information, its main content will be 
written into the database. The webpage (shown in Figure 6.16) is an example of a non-
valuable webpage. It just announced the news about the summer ceremony of the University 
of Bath. No keywords are contained in this website. Thus, this webpage will be excluded and 
not written into the database.    
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Figure 6.15: An example news webpage with valuable information for the Effects Genius 
(Imperial College London, 2013) 
Main content 
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Figure 6.16: An example news webpage with non-valuable information for the Effects 
Genius (University of Bath, 2013) 
6.7 System test  
By considering the working functions, the whole system could be classified into two parts: 
information gathering and analysis system and Effects Genius system. The first part includes 
the webpage downloader and webpage content analyser. The second part is the Effects 
Genius system. After finishing the implementation work of those two parts, it is necessary to 
test the performance of those components to ensure the whole system works can satisfy the 
design requirements. The test work has been taken in two parts separately: information 
gathering and analysis system performance test and Effects Genius system performance test. 
6.7.1 Effects Genius system performance test 
Based on the theory in Chapter 5, the main aim of the Effects Genius system is to enhance the 
knowledge accumulation of designers by providing earlier design task related effects or 
principles. To test the performance of Effects Genius system, it has been integrated into a 
standard idea generation process. Here, the Stage-Gate
TM
 process is used. Then, some 
industry-based projects were explored to test its feasibility. 
Main content 
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6.7.1.1 Integration of the Effects Genius into the early stages of the Stage-GateTM process  
The Stage-Gate
TM
 process has been widely used for new product development (Cooper, et al., 
2002). It provides effective and efficient conceptual and operational direction for the design 
process of new products from concepts to market (Cooper, 2008). After observations in more 
than 500 companies, which used Stage-Gate
TM
 in their product developments, an Idea 
Discovery stage should be added at the front end of the process to supply more product ideas 
(Cooper, et al., 2002). The investigations from (Howard et al., 2010) revealed that many 
companies ran idea generation sessions to directly provide product ideas. The standard idea 
generation process in these industries and companies is shown in Figure 6.17. 
 Project brief: During this stage, the latest status of the project is introduced, along 
with the requirements and expectations for the final output.  
 Information gathering: In this stage, designers need to explore as many project related 
information sources as possible under a pre-set time budget. 
 Creative idea generation: This stage plays an essential role in the idea generation 
process. The idea pool can be populated by the creative thinking of designers which 
can be stimulated by using various idea generation tools.  
 
Figure 6.17: The standard idea generation process in companies and industries source 
(Howard et al., 2010) 
The Effects Genius is integrated with the standard idea generation process to enhance the 
knowledge accumulation of designers. The detailed working process (shown in Figure 6.18) 
is illustrated as follows:  
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Figure 6.18: Using the Effects Genius in the first stage of the Stage-Gate
TM
 process 
6.7.1.2 Performance test  
To evaluate the effectiveness and efficiency of the Effects Genius in the idea generation 
process, some industry-based projects from IDE alumni were explored. Seven of them were 
selected here as examples and are shown in Table 6.5. The IDE course combines design with 
engineering, technical mastery and innovation. It has an emphasis on making students engage 
with technology and cultivate their innovation-focused thinking and realisation in both 
societal and business context. Many of their designs have been commercialised. The Effects 
Genius has been hypothetically applied to 7 projects using the 5 step process. It should be 
noted that this was undertaken for illustration processes and that the original design work did 
not use this approach.  
At step 1, the keywords of each project were determined. For example, the 2
nd
 task was to 
design a portable smoke detection system, from which the keywords “smoke”, “flame”, “heat” 
and “network” were concluded. After information on conventional smoke detectors had been 
explored, the keywords as “combustion”, “heat”, “sensor” and “portable” were also suggested. 
The 6
th
 task was to design a portable and space free moving tool for any size boxes. By 
analysing the task instruction, the concluded keywords are “Flexible”, “recycle”, “material”, 
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“hold”, “carry”, “wheel”, “fix” and “force”. For each project, the task-related keywords were 
concluded from the task instructions.  
At step 2, the keywords were used as input in the search page of the database. In the 3
rd
 task, 
the “Baby‟s hearing” and “Baby‟s vision” principles were related with the “infant” keyword. 
The “Feature integration theory” and “Opponent-colour theory” effects were related with the 
“colour” keyword. In the 5th task, the effects “Electrify”, “Electro-chemical reactions”, 
“Thermal-electrical phenomena”, “Deoxidisation reactions” and “Emission of electrons” are 
related with keyword “electricity”. Because each keyword may be related many effects and 
each effect is related to more than one keyword, usually, the search result of two or more than 
two keywords contain duplicate effects. At this step, those duplicate ones emerged.     
At step 3 and step 4, each effect or principle was examined and its related information was 
also explored through the references provided. These two steps were the same for all projects.   
At step 5, only problem related effects remain according to self-exploration and the guidance 
from experts. In the 1
st
 project, effects such as “Chemiluminescence” and “Electro-
luminescence” and “Bioluminescence” were discarded because of the lack of relationship 
with the design question. The effects “Dark adaptation”, “Polarised light”, “Thermo-
chromatic reactions”, etc., were added into knowledge accumulation for the design task. In 
the 8
th
 task, effects “Dielectric heating”, “Energy transformation” and “Self-propagating 
high-temperature synthesis” are deleted from the searched results. The reminded effects 
included “Combustion”, “Condensation”, “Endothermic reactions”, “Exothermic reactions”, 
“Explosion”, “Shrinking”, “Thermal conduction”, “Thermal conductivity”, etc. 
After step 5, the knowledge scope of the design question was defined depending on the 
selected design relevant effects and principles. For example, in the 4th project, the main 
knowledge scope was specified on geometrical structure. 
Through analysing the working function of the final product, the effects that used in the real 
product development were contained by the final selected effects. The Table 6.6 listed the 
images of some products and related effects. 
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Table 6.5: Example usages of the effects data using innovations associated with IDE alumni 
Note: that the original design work did not use the methodology developed in this paper and the examples are provided for illustrative purposes. 
# Design question Step 1 Step 2 
Step 
3 
Step 
4 
Step 5 Product 
1 
After being made, the degree of 
ophthalmic lens is fixed. Once eye 
degree changes, people have to buy a 
new pair of glasses. Can the degree of 
ophthalmic lens is also adjustable? 
Light, lens, 
reflection, 
glass, focal, 
Bioluminescence, Chemical reactions in gases that in 
the active area of lasers, Chemiluminescence, Colour, 
Dark adaptation, Electro-luminescence, Highlighting, 
photoacoustic effect, Polarised light, Reactions of 
reversible electro sedimentation, Stroboscopic 
motion, Top-down lighting bias, Thermo-chromatic 
reactions, Reflection of light, Symmetry, 
E
x
p
lo
rin
g
 in
fo
rm
atio
n
 fo
r each
 effect id
en
tified
 
E
x
p
lo
rin
g
 m
o
re in
fo
rm
atio
n
 fo
r th
e sp
ecific effects id
en
tified
 
Dark adaptation, Polarised light, 
Thermo-chromatic reactions,  Reflection 
of light, Symmetry 
Adjustable 
eyewear 
2 
The positions of smoke detectors in a 
home are fixed and are not always 
placed in ideal locations. Current 
portable smoke detectors are isolated 
from each other. Can these two 
systems be incorporated? 
Smoke, flame, 
heat, 
combustion, 
sensor, 
portable, 
network 
Combustion, Condensation, Dielectric heating, 
Endothermic reactions, Energy transformation, 
Exothermic reactions, Explosion, Self-propagating 
high-temperature synthesis, Shrinking, Thermal 
chromes, Thermal conduction, Thermal conductivity, 
Thermal insulation, Thermal processing, Weber – 
Fechner law, Periodic reaction 
 
Combustion, Condensation, 
Endothermic reactions, Energy 
transformation, Exothermic reactions, 
Explosion, Self-propagating high-
temperature synthesis, Shrinking, 
Thermal conduction, Thermal 
conductivity, Thermal insulation, Weber 
– Fechner law, Periodic reaction 
Echo smoke 
detector 
3 
Infants are unable to tell designers 
their feelings about toys. How to 
design infant-enjoyable toys? 
Infant, toy, 
psychology, 
colour, enjoy, 
fun, 
Baby‟s hearing, Baby‟s vision, Piaget‟s stage theory, 
Colour, Feature integration theory, Highlighting, 
Illusory conjunction, Opponent-colour theory, Photo 
chromes, Photochromatic effect, Thermo-chromatic 
reactions, Trichromatic theory, Use coloured 
materials to track the changes of some reactions, 
Baby‟s hearing, Baby‟s vision, Piaget‟s 
stage theory, Colour, Feature integration 
theory, Highlighting, Opponent-colour 
theory, Thermo-chromatic reactions, 
Infant‟s toy 
4 
Can wheels be foldable to save 
storage space? 
Round, fold, 
curve, flexible, 
material 
Balls, Cycloid, Ellipse, Good continuation, spirals, 
Use of diaphragms, Bauschinger effect, Bi-metallic 
or bi-material construction, Changes in the optical-
electromagnetic properties of materials, 
Electrostriction, Input-process-output model, Isolated 
system theory, Johnson–Rahbeck effect, Kragelski 
phenomenon, Magnetic separation,  Shape-changing 
objects, Use a magnet to influence an object or a 
magnet that is connected to the object 
Balls, Cycloid, Ellipse, Good 
continuation, spirals, Use of diaphragms, 
Bauschinger effect, Bi-metallic or bi-
material construction, Shape-changing 
objects, Use a magnet to influence an 
object or a magnet that is connected to 
the object 
Foldable 
wheel 
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5 
To cultivate the design talent of 
children in electricity, circuit design is 
a good practice. But after they draw 
circuits on paper, it is difficult for 
them to make electronic components, 
such as wires, plugs, joints, etc., to 
test their designs. Can you provide 
concepts for a children friendly test 
method of circuits? 
Powder, 
solution, mix, 
electricity, 
electron, water 
Lacquers, Osmosis, Reactions of reversible electro 
sedimentation, Satisficing, Self-propagating high-
temperature synthesis, Separate from solutions, 
Weaken a solution, Electro-separation, Magnetic 
separation, Mix, Mixtures from materials that do not 
react chemically with each other, Electrify, Electro-
chemical reactions, Thermal-electrical phenomena,  
Deoxidisation reactions, Emission of electrons, 
Internal photo effect, Ionization, Josephson effect, 
Oxidation reactions, Photo-chemical reactions, 
Photoelectric effect, Rankine cycle, After effects, 
Hygroscopic effect, Magnetised water, Use of 
hydrates, Use of metallic hydrates, 
Reactions of reversible electro 
sedimentation, Separate from solutions, 
Weaken a solution, Electro-separation, 
Magnetic separation, Mix, Mixtures 
from materials that do not react 
chemically with each other, Electro-
chemical reactions, Thermal-electrical 
phenomena, Deoxidisation reactions, 
Oxidation reactions,  Use of metallic 
hydrates, 
Bare 
Conductive 
Ink 
6 
During shopping or city travelling, 
people normally move boxes by 
hands. If people use a camping 
trolley, they have to carry it all the 
time. After finish moving, they also 
have to find storage space for it.  
The design task is to provide concepts 
for a portable and space free moving 
tool of any size boxes. 
Flexible, 
recycle, 
material, hold, 
carry, wheel, 
fix, force 
Use of diaphragms, Bauschinger effect, Bi-metallic 
or bi-material construction, Changes in the optical-
electromagnetic properties of materials, 
Electrostriction, Isolated system theory, Johnson–
Rahbeck effect, Kragelski phenomenon, Magnetic 
separation, Open system theory, Use a magnet to 
influence an object or a magnet that is connected to 
the object, Hall effect, Cycloid, swing wheels, 
“Centrifugal” force, Acoustic emission, Complex 
molecules, Elastic deformation, Elastic materials, 
Electric field, Flow of gases, Friction, Johnson–
Rahbeck effect, Kamin‟s blocking effect, Layering, 
Magnetic separation, Magnus effect, Operant 
conditioning, Proximity, Seebeck effect, Self-
clustering molecules, Shape-changing objects, 
Shrinking, Thermal convection, Thomson effect,  
Use of diaphragms, Bauschinger effect, 
Kragelski phenomenon,  Use a magnet 
to influence an object or a magnet that is 
connected to the object, Elastic 
deformation, Elastic materials, Friction, 
Johnson–Rahbeck effect, Magnetic 
separation, Shape-changing objects,  
Move it 
(Boxes with 
wheels) 
7 
In kitchen, once smoke detectors set 
alarm, people have to find fire 
extinguishers, carry them to the fire 
scene and extinguish the fire. During 
this time, the fire may grow up and 
have caused damage. Current 
sprinkler systems are designed for 
large buildings. Could you design an 
easy installed home-use sprinkler 
system? 
Flame, heat, 
cool, water, 
spray, smoke, 
fire 
Combustion, Condensation, Dielectric heating, 
Electric heating, Endothermic reactions, Energy 
transformation, Exothermic reactions, Explosion, 
Self-propagating high-temperature synthesis, 
Shrinking, Thermal chromes,  Thermal conduction, 
Thermal conductivity, Thermal insulation, Thermal 
processing, Rankine cycle, After effects, Hygroscopic 
effect, Magnetised water, Use of hydrates, Use of 
metallic hydrates, 
Combustion, Condensation, 
Endothermic reactions, Exothermic 
reactions, Explosion, Shrinking, 
Thermal conduction, Thermal 
conductivity, Thermal insulation, 
Thermal processing, Rankine cycle, 
Hygroscopic effect, Magnetised water, 
Use of hydrates 
Automist 
fire 
protection 
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Table 6.6: The images of the selected products and related effects 
# Related effects Applications Example image 
1 
Dark adaptation, Polarised light, Thermo-
chromatic reactions,  Reflection of light, 
Symmetry 
Adjustable 
eyewear 
 
 
(URL: http://www.adlens.com/) 
2 
Combustion, Condensation, Endothermic 
reactions, Energy transformation, Exothermic 
reactions, Explosion, Self-propagating high-
temperature synthesis, Shrinking, Thermal 
conduction, Thermal conductivity, Thermal 
insulation, Weber – Fechner law, Periodic 
reaction 
Echo smoke 
detector 
 
 
(URL:http://www.innovation.rca.ac.uk/198-931/all/1/Echo-
.aspx) 
3 
Baby‟s hearing, Baby‟s vision, Piaget‟s stage 
theory, Colour, Feature integration theory, 
Highlighting, Opponent-colour theory, Thermo-
chromatic reactions, 
Infant‟s toy 
 
 
(URL:http://www.bedbathandbeyond.com/1/1/45168-plan-
toys-punch-drop.html) 
4 
Balls, Cycloid, Ellipse, Good continuation, 
spirals, Use of diaphragms, Bauschinger effect, 
Bi-metallic or bi-material construction, Shape-
changing objects, Use a magnet to influence an 
object or a magnet that is connected to the 
object 
Foldable wheel 
 
 
(URL: http://vitaminsdesign.com/projects/folding-wheelchair) 
5 
Reactions of reversible electro sedimentation, 
Separate from solutions, Weaken a solution, 
Electro-separation, Magnetic separation, Mix, 
Mixtures from materials that do not react 
chemically with each other, Electro-chemical 
reactions, Thermal-electrical phenomena, 
Deoxidisation reactions, Oxidation reactions,  
Use of metallic hydrates, 
Bare Conductive 
Ink 
 
 
(URL:http://www.bareconductive.com/bare-conductive-card 
-kit) 
6 
Use of diaphragms, Bauschinger effect, 
Kragelski phenomenon,  Use a magnet to 
influence an object or a magnet that is 
connected to the object, Elastic deformation, 
Elastic materials, Friction, Johnson–Rahbeck 
effect, Magnetic separation, Shape-changing 
objects, Use a magnet to influence an object or a 
magnet that is connected to the object 
Move it (Boxes 
with wheels) 
 
 
(URL: http://www.jamesdysonaward.org/Projects/ 
Project.aspx?ID=1349&RegionId=0&Winindex=3) 
7 
Combustion, Condensation, Endothermic 
reactions, Exothermic reactions, Explosion, 
Shrinking, Thermal conduction, Thermal 
conductivity, Thermal insulation, Thermal 
processing, Rankine cycle, Hygroscopic effect, 
Magnetised water, Use of hydrates 
Automist fire 
protection 
 
 
(URL: http://www.plumis.co.uk/automist.html) 
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6.7.2 Information gathering and analysis system performance test 
6.7.2.1 Performance test 
The main function of the Webpage Downloader and Webpage Content Analyser is 
downloading webpages from candidate websites, extracting valuable information and writing 
them into the database of the Effects Genius. Based on the investigation from Henderson 
(1991), effects should be collected from the conclusions from existing domains or from 
design knowledge from existing designs. Therefore, the candidate websites should have high 
relationships with technology breakthroughs. Additionally, those websites should be open 
accessed by the Webpage Downloader.  
The survey from the 11
th
 annual Higher Education – Business and Community Interaction 
concluded that UK universities contribute over £3.3 billion value to the economy and society 
through applying knowledge into business (HEFCE, 2012). This may indicate that 
universities in the UK are pioneers in new knowledge research. Usually, the news release 
websites of universities will publish the latest research breakthroughs online. Therefore, these 
websites could be employed as candidate websites for system performance analysis. The 
news release websites of 5 well-known universities in the UK (shown in Table 6.7) were 
chosen as the candidate websites. For each website, only the news released in the year 2012 
was downloaded. 
Table 6.7: Candidate websites for the system performance analysis 
Name URLs 
University of Cambridge http://news.admin.cam.ac.uk/news/2012 
University of Southampton http://www.southampton.ac.uk/mediacentre/news/2012/ 
University of Bath http://www.bath.ac.uk/news/2012 
University of Manchester http://www.manchester.ac.uk/aboutus/news/archive/ 
University of Loughborough http://www.lboro.ac.uk/service/publicity/news-releases/2012 
Initially, the setups including the URLs of these 5 websites, the rule of year 2012 and other 
limits were edited and saved in the configure file of the system. Then, the Webpage 
Downloader programme downloaded webpages from the 5 websites sequentially according to 
their setups. All downloaded webpages were saved in different subfolders but in the same 
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parent folder. The detail information of the downloading process is recorded and shown in 
Table 6.8.  
Table 6.8: Detail of the downloading process 
Name Time cost (s) 
Pages 
downloaded 
Size (MB) Average rate (kB/s) 
University of Cambridge 158 197 1.67 10.80 
University of Southampton 85 207 2.21 26.57 
University of Bath 179 256 4.06 23.79 
University of Manchester 227 383 5.88 26.52 
University of Loughborough 108 243 2.87 27.87 
Total 977 1286 16.69 
 
After that, the Webpage Content Analyser started to analyse those webpages individually and 
selected out keywords-related ones. Selected results are given in Table 6.9. 
Table 6.9: The selected results of the Webpage Content Analyser 
 University 
of 
Cambridge 
University of 
Southampton 
University 
of Bath 
University 
of 
Manchester 
University of 
Loughborough 
Results 
Cost 
time 
(s) 
Raw 
webpages 
197 207 256 383 243 1286 
18.9 
Selected 
webpages 
26 66 43 96 47 278 
6.7.2.2 Result Analysis 
From Table 6.8, the time cost on downloading 1286 webpages is 977 s. The time cost on 
webpage content analysis process is around 19 s. Thus, the total time cost on the entire two 
processes that selecting 278 keywords-related webpages from the five websites is 1000 s 
(<17 minutes).  
Weinreich et al. (2008) revealed people normally spend 70 seconds on reading a webpage 
with around 1000 words content. The total time cost on online reading all downloaded 
webpages would be 90020 s (around 26 hours). Regardless of including the time for judging 
whether the webpages are keywords-related or not, this time is nearly 90 times than the time 
used by the system.  
After manually analysing the 278 webpages, 88 webpages of them were confirmed as 
scientifically related and could be used to update some data in the Effects Genius. For 
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example, the University of Cambridge had launched several low carbon techniques to protect 
living environments. The effect concluded from these techniques would be valuable for 
designers to deal with design tasks related with low carbon requirements. The University of 
Southampton investigated phase change materials during rapid heating. This could update the 
effects related with thermal transmission which would benefit designers from solving design 
tasks related with heating. The University of Bath introduced a new construction material, 
bamboo, in detail. This material could update the effects related with compound materials or 
multi-layer materials. The University of Manchester had achieved breakthrough research on 
graphene. Its new features could be added into the database as effects related with electrical 
device designs. And the University of Loughborough pioneered in 3D printing techniques, 
which provided new definitions for effects relating to 3D techniques.  
Apart from the confirmed 88 webpages, the system also indicated the remaining 190 
webpages were keyword-related. After exploring the content of these pages, the reasons 
identified were as follows. Some webpages introduced the biographies of professors, whose 
research areas were keyword-related. These webpages might be valuable for designers to find 
specific experts for design-related knowledge guidance. Some webpages published prizes 
awarded to students or researchers, whose achievements are keyword-related. Designers 
might benefit from this portion of information for ideas generation stimulated by these 
achievements. There were also some announcements of scientific activities which were 
keyword-related. The remaining 190 webpages contained less valuable information when 
compared with the confirmed 88 webpages. Excluding those keywords-related 278 webpages 
from the total downloaded webpages, some of the remaining webpages may also contain 
valuable information. Considering the amount of time spent on manual webpage analysis, it 
was decided that it would be inefficient to manually search these webpages.  
Therefore, based on the test data and the above analysis, the information gathering and 
analysis system could dramatically increase the efficiency on selecting keywords-related 
webpages from information sources on the internet. 
6.8 Chapter conclusion  
In this chapter, the implementation process of the e-version Effects Genius system is 
illustrated in detail. The main function of the Effects Genius system is to provide problem 
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related effects and principles to assist designers rapidly define the knowledge scope of design 
tasks. To realise this function, a database is designed to record all information of concluded 
effects and principles. More than that, with scientific development, some data in the Effects 
Genius may need to be provided with new definitions or include new effects and data to 
maintain its effectiveness and efficiency of its main function. Therefore, the whole system 
has three parts: webpage downloader, webpage content analyser and Effects Genius system. 
A web crawler technique is integrated with the webpage downloader to mine webpages from 
candidate websites. The webpage content analyser is used to analyse the content of those 
downloaded webpages and select keywords-related ones to update data or provide new data 
entries for the Effects Genius. User can access the Effects Genius system online to search 
design task related effects and principles, which could assist designers rapidly to define the 
knowledge scope of design tasks.  
The Effects Genius system was integrated into the creativity engine. The whole creative 
thinking process was classified into three steps: keyword conclusion, related effects analysis, 
and idea generation. Initially, the short term memory analysed the task and concluded task-
related cues (keywords conclusion). Then these cues are used as keywords and input into the 
Effects Genius system to identify task related effects and principals, which were used as cues 
to retrieve related knowledge in the long term memory of designers (related effects analysis). 
After this, designer‟s mental activities back to the short term memory and generate ideas by 
combining these relevant pieces of information (idea generation). Finally, creative outputs are 
proposed. 
After finishing the implementation work of the system, several tests have been done on the 
performance of those components to ensure the whole system works well. The test work has 
two parts: Effects Genius system performance test and information gathering and analysis 
system performance test. 
The performance of the Effects Genius system is tested by integrating the system with a 
standard idea generation process. 7 industry-based projects from IDE alumni were analysed 
through the five steps of the system. Through analysing the working function of the final 
product, the effects that used in the real product development were contained by the final 
selected effects. This indicates the suitability of the Effects Genius system for promoting 
expert relevant suggestions. The performance of the information gathering and analysis 
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system is tested by providing five candidate websites which are the news release websites of 
five well-known UK universities. 1286 webpages were downloaded and 278 keyword-related 
webpages were selected by the software. The webpages were manually explored and 88 of 
them were confirmed scientific related and could be used to refresh the data of the Effects 
Genius. Comparing the time cost on selecting keywords-related webpages by a manual 
approach and that of the software system, the system had much higher efficiency on selecting 
keyword-related webpages from internet.  
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7 Case study of the Effects Genius system 
7.1 Introduction 
This chapter evaluates the performance of the Effects Genius system in two design projects. 
It is hypothesised that using the implemented system in real design projects provides a means 
of validation to indicate whether the Effects Genius system can effectively and efficiently 
provide problem related effects to assist designers rapidly access to knowledge guidance from 
experts at any stage of the design process. The performance of information gathering and 
analysis system is also tested. The case studies contained in this chapter are: 
1. A helmet design project for tropical areas with advanced ventilation performance as 
well as impact and head rotation protection;  
2. Chain spill problem in the Royal Albert Hall;  
3. Feedback from other users on the Effects Genius system.  
7.2 Helmet design project 
7.2.1 Project background  
In many countries, motorised two wheeler vehicles are a popular mode of transport. In 
Europe, motorcycles comprise 6.1% of all motorised vehicles (COST 327, 2001). In some 
Asian countries, this portion is much higher. For example, the investigation from Mohan 
(2010) shows that motorcycles occupied 41% of road transportation in Bangladesh.  
Compared with car drivers and passengers, motorcyclists have a lower degree of protection, 
especially of the head, a particularly vulnerable and delicate part of the human body. Many 
motorcycle helmets have been developed and commercialised to protect motorcyclists‟ heads 
against impacts suffered during accidents. Such helmets, however, normally have poor 
ventilation characteristics. They tend to be uncomfortable when worn in environments with 
high ambient temperatures or humidity. To improve the heat transfer characteristics of 
motorcycle helmets while ensuring performance functionality in their original aspects, a 
helmet research partnership between Imperial College London and IIT Delhi has been formed. 
This project is currently funded by the UKIERI. 
 122 
 
The major objective of this research programme is to enhance international collaboration on 
effective design and optimisation of scooter helmets to improve their heat transfer 
characteristics while ensuring performance functionality in terms of impact protection, brain 
rotation and critically usability. International cooperation is required in this subject area in 
order to address user based requirements as well as the development of international 
standards for head and whole body modelling. The partnership for this research programme 
pulls together key expertise at Imperial as well as in BRIC economies to fulfil the 
requirements for a holistic approach. 
7.2.2 Information analysis 
In many countries, where motorcycles are a popular transport, road accidents related with 
motorcycles also occupied a certain portion of road traffic injury. Mohan (2009) investigated 
the distribution of road traffic injury in South East Asian region. The result is shown in Table 
7.1. The study revealed that 25% to 70% of injuries or deaths in the South East Asian region 
were related to motorcycles. 
Table 7.1: Distribution of road traffic injury in South East Asian region (Mohan, 2009) 
Countries Bangladesh India Indonesia Sri Lanka Thailand 
Motorcycles’ share 26% 42% 73% 25% 70% 
Subramanian (2007) studied the death certificate information of fatally injured motorcycle 
riders in America between 2000 and 2002 and revealed that there is a direct correlation 
between a head injury and helmet use. The result is shown in Figure 7.1.  
  
Figure 7.1: Head injury among fatally injured motorcycle riders (Subramanian, 2007) 
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From Figure 7.1, about 51 % of the unhelmeted riders suffered a head injury as compared to 
about 35 % of the helmeted riders. Therefore, wearing a safety helmet gives a clear benefit to 
motorcyclists.  
A typical scooter helmet consists of an outer shell, liner foam, padding foam, a visor and a 
restraining system. The major role of the outer shell is to prevent penetration injuries, 
whereas the foam absorbs the shock and cushions the head extending the time of actual 
impact and thus, reducing the level of acceleration and force on the head. Figure 7.2 lists 
cross Section views of four helmet types: half, three quarters, open face and full face. The 
half and three quarters types are usually worn by cyclists. The rest two types are designed for 
motorcyclists. 
 
Figure 7.2: Helmet types and structure (cross section view) (ITARDA, 2013) 
Existing helmet standards require a helmet to have high performance in technical functional 
aspects such as penetration resistance and shock absorbing capacity, protection against brain 
rotation relative to the skull, aerodynamics and reliability (UKPSIS, 2000). The UK 
government‟s authorised helmet test scheme has tested 289 helmets which were designated 
„five star‟ with high performance in functional aspects such as safety, comfort and aesthetics 
(SHARP, 2013). The test includes both linear and angular accelerations, as research has 
shown that both linear and angular accelerations are important mechanisms of brain injury 
(e.g. Gennarelli, 1983; Lissner, et al, 1960).    
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Drop tests are carried out on helmets fitted onto aluminium headforms to test their impact 
characteristics by measuring acceleration at the centre of mass of the headform and 
comparing the peak of acceleration or the head injury criterion (HIC) with threshold limits. 
Helmet impact characterisation is very complex as it involves interaction of various 
components with different material properties. The nature of helmet impact response depends 
upon mass, stiffness and damping of various components. The drop test can be simulated 
using Finite Element Method (FEM), assuming the head to be a rigid body, for predicting 
peak acceleration and HIC. Recently, three dimensional finite element models of the human 
head, including all biomechanically important parts of the head such as cerebrum, cerebellum, 
cerebrospinal fluid, membranes, skull and scalp, have been used to predict strains/stresses in 
the brain and comparing them with limiting values which will cause injury in the brain (e.g. 
Ghajari et al., 2011). Qualitative agreement is seen between the results from rigid head and 
deformable head models. Figure 7.3 shows a helmet drop test and a FEM model of human 
head and Figure 7.4 shows the volumetric strain contours of the helmet after the drop test. 
 
Figure 7.3: Helmeted dummy drop test and THUMS model (Ghajari et al., 2011) 
 
Figure 7.4: Volumetric strain contours in the main foam (Ghajari, et al. 2011) 
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Currently, available motorcycle helmet standards employ headforms to assess the impact 
absorption capability of helmets. The mass and size of the headforms are similar to those of 
the human head. This fact implies that the standards rely on the assumption that the effect of 
the rest of the body on the performance of the helmet during impact is negligible. However 
recent studies have shown that even within the short duration of the impacts (less than 10 
ms), the body interacts with the head, leading to further crushing of the helmet liner.  
 
Figure 7.5: Snapshots from the front/30
o
 impact using THUMS (Ghajari, et al. 2011). 
To include the effect, shown in Figure 7.5, in the headform impacts, the mass of the headform 
can be increased. The added mass is determined for various impact configurations. It is found 
that the added mass is not dependent on the properties of the helmet; thus, it can be adopted 
by the impact absorption test of standards. By adopting a modified testing and modelling 
strategy at the design stage any proposal for the form of a design can be assessed. Through 
the iterative process of concept proposal, modelling, design embodiment and refinement, new 
designs can be produced that fulfil the multiple requirements for head comfort, head 
protection, conforming to standards, aesthetics, product life and economic production. 
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Apart from the above requirements, heat transfer characteristic is also an important factor to 
be considered. However, due to the limited space between the head and the helmet and the 
mass flow of air in this gap is low, helmets on the market normally have poor ventilation 
characteristics, which makes helmets uncomfortable to wear. Indeed uncomfortable is usually 
cited as a reason for not wearing helmets by motorcyclists (Vaitheeswaran et al., 2011).  
This situation is more serious in tropical or Mediterranean climates, where the ambient 
temperature of tropical countries can be in the range 20 
o
C to 40 
o
C, combined with high 
levels of humidity. Due to excessive heat and humidity, the combination of excessive heat 
and sweat formation make helmets uncomfortable to wear. Despite the law for wearing the 
helmets, it is observed that riders often prefer not to wear them, negating the extensive efforts 
from legislators, standards and manufacturers. Figure 7.6 shows examples of helmets used 
situation by motorcyclists in India. 
 
Figure 7.6: Examples of helmet used by two wheeler drivers in New Delhi India (images 
taken by Bhagwat (Private Communication (2013)) in Jan 2013 with ambient temperature ca. 
5
o
C-12
o
C, in New Delhi) 
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Figure 7.6 indicates some scooters may carry unhelmeted adult or child passengers (pictures a, 
b and c). Some scooter drivers removed helmets to refresh their heads while they were 
waiting for the traffic signal (picture d). The combination of excessive heat and sweat 
formation make helmets uncomfortable to wear. Air flow can be improved by large 
ventilation openings as in bicycle helmets but such openings may be detrimental to safety and 
structural integrity of the helmet. 
There have been numerous attempts to design a motorcycle helmet with a functional cooling 
system (e.g. Vaitheeswaran et al., 2011; Tan et al., 2006). For example, a cooling system 
using a phase change material in conventional motorcycle helmets which could cool the 
temperature inside the helmet to around 30 
o
C for nearly 2 hours in tropical ambient 
environments has been explored by several teams. Such cooling systems have tended to be 
designed in isolation, and tested on conventional motorcycle helmets. As a result the design 
modifications to enable effective temperature control impair other functional attributes of the 
helmets. The helmet project described here is a cooperative research programme between 
Imperial College London and IIT Delhi. The major objective of this programme is to enhance 
effective design and optimisation of ventilated motorcycle helmets to improve their heat 
transfer characteristics while ensuring performance functionality in terms of impact 
protection, brain rotation, and critically usability.  
7.2.3 Design specification  
Based on the information analysis in the above context, the final output should satisfy the 
following requirements: 
1. High performance in penetration resistance and shock absorbing capacity, 
2. Head protection against brain rotation, 
3. Aerodynamics and reliability, 
4. High performance in thermal characteristics to maintain the temperature inside the 
helmet at comfortable level, 
5. The design has high product aesthetic, light weight and comfortable to wear.  
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As this design task belongs to product re-engineering. Therefore, the specifications of existed 
helmet have been combined with newly emerged technologies to satisfy the requirements of 
the tropical environment. The design specifications are in Table 7.2. 
Table 7.2: The design specification of the helmet 
ASPECT OBJECTIVE CRITERIA TEST CONDITION 
Performance  
Available to protect 
the head of rider 
against huge 
penetration force 
For penetration 
resistance purpose,  the 
headform of the helmet 
should bear impact force 
not exceed 22.2 kN  
Resistance to penetration tests 
evaluate the helmet's ability to 
resist an impact with objects which 
cause localised loads, possibly 
leading to penetration of the helmet 
and head (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002; 
SHARP, 2013) 
 
Available to protect 
the head of rider 
against 
translational shock 
during the collision 
with a  high 
acceleration  
For shock absorbing 
capacity, the maximum 
allowable value for the 
translational acceleration 
is 250 g  
Shock absorption tests in which a 
headform is placed inside a helmet 
and then dropped onto an anvil. 
The acceleration measured inside 
the headform is related to the 
helmet's ability to reduce the risk of 
a brain injury from translational 
shock (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002; 
SHARP, 2013).  
 
Keep the inside 
temperature of the 
helmet lower than 
ambient 
temperature  
The inside temperature of 
the helmet should be less 
than 30 oC 
In a temperature measuring test 
with 40 oC simulate environment 
temperature,  measuring the inside 
temperature of the helmet within 5 
minutes intervals and lasting 1 hour   
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High performance 
in protection 
against brain 
rotation injury 
To protect against brain 
rotation injury,  the 
maximum allowable 
value for the rotational 
acceleration is 10,000 
rad/s2  
A helmet with a headform placed 
inside is dropped onto slope face. 
The acceleration measured inside 
the headform is related to the 
helmet's ability to reduce the risk of 
a brain injury from rotation (BSI, 
1985; SMF, 2000; NHTSA, 2000; 
UN, 2000; NOCSAE, 2002; ISO, 
2002; SHARP, 2013). 
 
fully fit with the 
shape of rider‟s 
head 
The foam inside the shell 
should fully fit with the 
shape of rider‟s head; 
gaps between the  two 
surfaces should be less 
than 5 mm  
Volunteers wear the helmet and 
give feedback 
 
Good ventilation 
performance 
Cooling the temperature 
of the head‟s surface 
within 30 oC and the 
percentage of humidity 
within 60%  
Setup wind tunnel to monitor the 
air flow during riding; measuring 
the temperature inside the helmet 
with a headform is placed inside 
 
The helmet is 
easily removed 
from the head if the 
fastening 
mechanism is 
released 
While the helmet is 
moving off from head, 
the rider‟s head skin does 
not hurt by friction  
Volunteers wear the helmet and 
give feedback 
 
The helmet touches 
the head tightly  
During head rotations, if 
the helmet is fastened, 
the relative movement 
between the head and the 
helmet should be less 
than 5 degrees.   
In a roll-off test, the helmet should 
not release from the headform and 
the relative movement between the 
head and the helmet is less than 5 
degrees (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002).  
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Safety  High  
The outer surface of the 
shell should not have 
sharp edges 
Estimate the CAD model 
 High  
There is no project more 
than 2 mm from the outer 
surface of the helmet 
Estimate the CAD model 
Quality  
high performance 
in required design 
specifications 
Within the lifespan of the 
helmet (e.g. 5 years), the 
helmet must has 
continues high 
performance in required 
design specifications  
Test design under accelerated stress 
conditions (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002).  
Weight  
Low weight foam 
inside the helmet 
The weight of the foam 
inside the shell should be 
close to 200 g; 
CAD estimate and weight, weight 
the foam used in prototype 
 Low weight helmet 
The total weight of the 
helmet should be around 
1 kg 
CAD estimate and weight, weight 
prototype 
Size  
Appropriate to 
design  
the helmet is designed to 
various dimensions to fit 
with various dimensions 
of the head of users   
Tests with various dimensions of 
helmets were setup to meet the 
requirements in the references 
(BSI, 1985; SMF, 2000; NHTSA, 
2000; UN, 2000; NOCSAE, 2002; 
ISO, 2002).  
 Thicker out shell  
the thickness of shell  
should be range from 2.5 
mm to 4.6mm depend on 
materials  
CAD estimate and measure  
Product cost 
Acceptable cost for 
market sector 
The cost varies with the 
material and detail design 
prototype, the total cost 
should be within £100   
Calculate works cost price  
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Aesthetics  Attractive styling  Current fashion design  
Expose concept design ideas to 
focus groups for appraisal. Various 
tests will be carried on each 
prototype (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002). The 
performance of each prototype will 
be exposed to focus groups for 
appraisal. 
Standard 
specification  
Matched  
Satisfy the existing 
standard specifications as 
BSI (1985), SMF (2000), 
NHTSA (2000) UN 
(2000), NOCSAE 
(2002), and ISO – 6487 
(2002).  
Satisfy these standard 
specifications 
Material  
Appropriate to 
design  
The density of the foam 
inside the shell should be 
arrange from 50 kg/m3 to 
68 kg/m3 
The density of specimens of foam 
will be measured   
 
Appropriate to 
design 
The outer shell can be  
made from acrylonitrile 
butadiene styrene (ABS); 
glass reinforced plastic 
(GRP); or other suitable 
materials 
Expose concept design ideas to 
focus groups for appraisal. Various 
tests will be carried on each 
prototype (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002). The 
performance of each prototype will 
be exposed to focus groups for 
appraisal.  
Product life 
span 
Appropriate to 
design 
After a serious collision, 
the helmet should be 
discarded for safety 
purposes 
Helmeted head drop test 
experiments   
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undertake tender 
collisions 
The helmet should still 
be able to undertake 
tender collisions with 
impact force less than 
22.2 kN   
Retest the performance of the 
helmet after several tender 
collisions (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002). 
 
Prolong the life 
span of the helmet  
If a component is broken, 
it can be replaced with a 
new one and the helmet 
still satisfy standard 
requirements 
Expose concept design ideas to 
focus groups for appraisal. Various 
tests will be carried on each 
prototype (BSI, 1985; SMF, 2000; 
NHTSA, 2000; UN, 2000; 
NOCSAE, 2002; ISO, 2002). 
Broken components of each 
prototype will replace with new 
ones. Then previous tests will be 
carried on these prototypes. The 
performance of each prototype will 
be exposed to focus groups for 
appraisal. 
Patents  Avoid  
Do not infringe existing 
patents 
Patent search 
Recycling  
Comply with 
expected 
legislation on 
sustainability 
The design should 
provide 
recommendations for 
future recycling of 
components in order to 
comply with expected 
legislation on 
sustainability 
Check national and international 
standards and legislation (UKGOV, 
2013)  
Maintenance  
Easy to be carried 
with riders 
When the helmet is not in 
use, riders can safely 
carry it using limited 
space 
Expose concept design ideas to 
focus groups for appraisal.  
Volunteers will carry the helmet 
and give feedback, which will be 
exposed to focus groups for 
appraisal. 
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Minimise space is  
used to stored the 
helmet 
The space used to  stored 
the helmet closely equals 
to its volume; the detail 
volume is decided by 
detail design the 
dimension of the helmet 
Expose concept design ideas to 
focus groups for appraisal.  
The store volume used by each 
prototype will be measured and 
exposed to focus groups for 
appraisal. 
Environment  
High ambient 
temperature 
Assuming the highest 
ambient temperature is 
40 oC 
Using thermometer to monitor the 
temperature of the test environment 
 
Long working 
period 
Assuming the normal 
travel time is less than 1 
hour 
Predefined  
 
Environment 
friendly material 
The helmet is made from 
materials which are 
environment friendly  
Expose to focus groups for 
approval  
Design time Minimise  
Detailed design of the 
helmet must take less 
than 6 months  
Use standard project management 
methods to track progress and 
rectify excursions from the plan 
7.2.4 Idea generation  
7.2.4.1 Creativity tool 
In the helmet design project, many creativity tools, including morphological analysis, have 
been used to produce sketch ideas for helmet design. Morphological analysis, one particular 
tool used, is a combinational creativity technique that can be used to generate ideas for novel 
products. It has been briefly introduced in Section 4.4.  
7.2.4.2 Idea generation process 
The Effects Genius system was integrated with morphological analysis to provide expert 
guidance in defining the information scope of helmet related design aspects. The means that 
fulfill each of these systems or sub-systems were generated based on information gathered 
from the defined scope. The idea generation process (keywords conclusion, related effects 
analysis, and idea generation) of creativity engine was followed and adapted to Figure 7.7.  
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Figure 7.7: The idea generation process of morphological analysis integrate the Effects 
Genius system 
 Keywords conclusion  
Following the working flow of the Effects Genius system, the initial step was to conclude 
task related keywords from task background information. Initially, the project description 
was analysed and valuable information was extracted (shown in Table 7.3).  Then, based on 
this information and with reference to design requirements, the design task was broken into 
several sub-systems. According to the working functions of each sub-system, its related 
keywords were concluded. The results are shown in Table 7.4. 
Table 7.3: Valuable background information 
Valuable background information 
tropical countries;  
penetration resistance and shock absorbing capacity;  
aerodynamics;  
reliability;  
comfort;  
product aesthetics;  
light weight and good thermal characteristics;  
Ambient temperature in the range 20 
o
C to 40 
o
C, high levels of humidity 
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Table 7.4: Sub-system of the design task and keywords 
System Sub-systems Keywords 
Helmet design project 
Outside force protection Force 
Impact energy absorption Force, Energy, Absorption 
Helmet fastening mechanism  
Temperature control system Energy, Absorption, Temperature 
 Related effects analysis 
Once all related keywords of each sub-system were concluded, the steps identified in Figure 
7.7 were followed. Each keyword was entered into the Effects Genius system and all 
keyword-related effects and principles were selected. The results of these keywords are 
illustrated in Table 7.5.  
Table 7.5: Results from keyword related effects 
Keywords Searched results 
Force 
“Centrifugal” force, Acoustic emission, Complex molecules, Elastic deformation, 
Elastic materials, Electric field, Flow of gases, Friction, Johnson–Rahbeck effect, 
Layering, Magnetic separation, Magnus effect, Proximity, Seebeck effect, Shape-
changing objects, Shrinking, Thermal convection, Thomson effect, Use a magnet to 
influence an object or a magnet that is connected to the object 
Energy 
Chemical bonding of gases, Chemiluminescence, Electric heating, Electro-chemical 
reactions, Emission of electrons, Endothermic reactions, Energy conversion, 
Exothermic reactions, Induced radiation, Input-process-output model, Irradiation, 
Isolated system theory, Luminescence, Nuclear magnetic resonance, Photoelectric 
effect, Radiation absorption, Radical recombination luminescence, Radioactive ray, 
Shape-changing objects, Thermal conduction, Thermal convection, Transport 
reactions, Thermo-chemical reactions, Tunnel effect, Vibration frequency sensitivity 
to thermal expansion, Wave movement, Zeeman effect 
Absorption 
Chemical reactions with light measurement, Franze-Keldysh effect, Hygroscopic 
effect, Luminescence, Mossbauer effect, Photoacoustic effect, Paramagnetic 
resonance, 
Temperature 
Changes in the optical-electromagnetic properties of materials, Condensation, Curie 
point, Diffusion melting, Endothermic reactions, Exothermic reactions, Explosion, 
Flow of liquids, Joule – Thompson effect, Magneto – caloric effect, Mossbauer effect, 
Rankine cycle, Seebeck effect, Self-propagating high-temperature synthesis, Super 
conductivity, Thermal – electrical phenomena, Thermal expansion, Thermal 
processing, Thermo-chromatic reactions, Thermomagnetic effect, Thomson effect, 
Use of strong oxidising agents, Use of thermite mixtures, Vibration frequency 
sensitivity to thermal expansion 
After further exploration of the detailed information of each effect, sub-system related items 
were classified. The related results are listed in Tables 7.6 to 7.8.  For example, in Table 7.6, 
for the keyword „Force‟, effects, such as „„Centrifugal‟ force‟, „Magnus effect‟ and „Thomson 
effect‟ were ignored because of a low relationship with the sub-system „Outside force 
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protection‟. Effects, such as „Complex molecules‟, „Elastic deformation‟ and „Elastic 
materials‟, were classified into the related results. So that they could be used to generate 
means to fulfill this sub-system. In Table 7.7, the related results cell of keyword „Absorption‟ 
was empty, as none of the searched results had relationships with the sub-system „Impact 
energy absorption‟ after their details were explored. 
Table 7.6: Related effects of the sub-system „Outside Force Protection‟ 
Feature Outside force protection 
Keyword Force 
Related 
results 
Complex molecules, Elastic deformation, Elastic materials, Flow of gases, Friction, 
Layering, Shrinking 
Table 7.7: Related effects of the sub-system „Impact Energy Absorption‟ 
Feature Impact energy absorption 
Key-word Force Energy Absorption 
Related 
results 
Elastic deformation, Elastic 
materials, Flow of gases, Shrinking 
Luminescence, Shape-changing 
objects, Transport reactions 
NULL 
Table 7.8: Related effects for the sub-system „Temperature Control‟ 
Feature Temperature control system 
Keywords Energy Temperature Absorption 
Related 
results 
Electro-chemical reactions, 
Endothermic reactions, Energy 
conversion, Exothermic 
reactions, Induced radiation, 
Luminescence,  Thermal 
conduction, Thermal 
convection, Thermo-chemical 
reactions 
Condensation, Endothermic reactions, 
Exothermic reactions, Explosion, Flow 
of liquids, Joule – Thompson effect, 
Magneto – caloric effect, Movement of 
the chemical balance with temperature 
changes, Rankine cycle, 
Thermomagnetic effect, Use of strong 
oxidising agents 
Hygroscopic 
effect, 
Sorption 
 Idea generation 
After all the sub-system related effects had been classified, the knowledge scope of each sub-
system was specified. The means that fulfilled each sub-system were then generated. The 
morphological analysis chart of the helmet design project is found in Table 7.9. For example, 
to fulfill the sub-system “impact energy absorption”, the means were „Foam‟ generated from 
effects „Elastic deformation‟ ,„Elastic materials‟, and „Spring‟ generated from effects „Shape-
changing objects‟ and „Shrinking‟, „Air/Liquid cushion‟ generated from effects „Flow of 
gases‟ and „Elastic deformation‟, and „Using disassemble material‟ generated from effect 
„Shape-changing objects‟. Including those means generated from related effects, some means 
were directly provided from gathered information. For example, the means „liquid cooling 
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system‟ mimicked the cooling system of the Sydney Opera House. The means „Velcro‟ is 
widely used to attach two surfaces together. 
Table 7.9: Generic morphological analysis chart for helmet design 
  A B C D 
 Features Means 
1 
Outside force 
protection 
Outside hard shell 
(Complex 
molecules) 
Elastic material  
(Elastic 
deformation, 
Elastic materials) 
Force generator (Flow 
of gases) 
Dynamic design 
to change the 
direction of the 
force (Friction) 
2 
Impact energy 
absorption 
Foam (Elastic 
deformation, 
Elastic materials) 
Spring, Bushing 
(Shape-changing 
objects, 
Shrinking) 
Air/Liquid cushion  
(Flow of gases, Elastic 
deformation) 
Using 
disassemble 
material (Shape-
changing objects) 
3 
Helmet fasten 
mechanism 
Buckle  Tight foam Velcro  Magnets  
4 
Temperature 
control 
system 
Chemical reactions 
absorb surround 
energy 
(Endothermic 
reactions) 
Cold material 
(Thermal 
conduction) 
Gas release from liquid 
phase to gas phase to 
absorb surround 
energy  (Condensation) 
liquid cooling 
system  
7.2.4.3 Idea illustration  
Solutions for helmet configurations were formulated by selecting means for each sub-
function and combining selected means together. Including the 4 sketches illustrated in 
Figures 7.8 to 7.11, another 14 sketches were also generated through the formulation of 
combining rest selected means. These sketches are shown in the Appendix III.   
The sketch in Figure 7.8 used a hard shell to protect the head from outside impact. The inside 
foam is used to absorb the impact energy. The buckle and foam can fasten the helmet on the 
rider‟s head. The temperature control system used an endothermic chemical reaction to 
absorb environment energy, which can decrease the inside temperature of the helmet. In this 
design, the ammonium salt is stored at the top chamber of the helmet. The two chambers 
besides the chin of the helmet are full of water (H2O). The switch at the top controls the 
release of the ammonium salt. When the ammonium salt meets H2O, the endothermic 
reaction will absorb the environment energy.       
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Figure 7.8: Combining means A1, A2, A3, B3 and A4 
 
Figure 7.9: Combining means B1, B2, A3, B3 and B4 
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The design in Figure 7.9 uses the multi-piece shell to protect the head from outside impact. 
Pieces are combined together and each of them connects with a spring on the inner side. 
When an external impact reaches the out shell, the spring is compressed and generates a 
repelling force to offset the impact force. The inside foam is used to absorb the energy of the 
impact force. The buckle and foam are the fastening mechanism to retain the helmet on the 
rider‟s head. The temperature control system used the „thermal conduction‟ effect to decrease 
the inside temperature of the helmet. In this design, two ice bags are inserted into the two 
chambers beside the chin of the helmet. Because the temperature of the ice bag is lower than 
the internal temperature of the helmet, the temperature conduction effect will conduct the 
environmental energy from the inside of the helmet to the ice bag. The ice will absorb the 
energy and change from solid phase to liquid phase. The inside temperature decreases and the 
temperature of two ice bags increase until they reach to the same value.   
 
Figure 7.10: Combining means A1, C2, A3, B3 and D4 
The design in Figure 7.10 uses a hard shell to protect head from outside impact. Under the 
hard shell, many air or liquid cushions are placed. The inside foam and these cushions are 
designed to absorb the impact energy. The buckle the foam can fasten the helmet on riders‟ 
heads. In this sketch, a cooling system is designed to control the inside temperature of the 
helmet. Its working theory is similar to the fridge. The pump powers liquid inside the pipe 
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flowing through the middle layer of the helmet. A portion of the pipe is covered by ice bags. 
When liquid flow passes, it will be cooled by the ice bag because of thermal conduction 
effect. The cool liquid flows through the middle layer of the helmet to absorb environment 
energy. It changes to hot water and flows back to the pump. Then the hot water will be cooled 
again. As the pipe is placed at most area of the middle layer of the helmet, the inside of the 
helmet can keep cooling.         
 
Figure 7.11: Combining means A1, D2, A3, B3 and C4 
The outer shell of the design in Figure 7.11 is made by fragile composite material. When the 
impact reaches the surface of the helmet, two situations will happen depending on the value 
of the impact. If the value of the impact reaches the threshold value of the material, the shell 
at the collision point will be fragile and smashed into pieces. These smashed pieces will fly 
away and each of them will absorb a portion of the impact energy. Under the fragile 
composite layer, there is another hard shell layer to protect the head from impact.  If the value 
of the impact is under the threshold fragile value of the material, the outside shell will 
perform the same as the hard shell to protect the head from impact. The inside foam is 
designed to absorb the impact energy. The buckle and foam work as the fastening mechanism. 
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The two chambers besides the chin of the helmet contain ethanol (C2H5OH). The 
concentration of the ethanol is under the safety level 25%. When the release holes at the top 
of the helmet are opened, the ethanol will release, changing from liquid phase to gas phase, to 
decrease environment temperature. The decrease speed can be controlled by the number of 
the release holes.  
7.2.5 Idea evaluation  
7.2.5.1 Detail design  
According to the design requirements of the helmet project and helmet standards, final 
products are evaluated according to the following aspects: penetration resistance and shock 
absorbing capacity, head protection against brain rotation, aerodynamics and reliability, 
comfort, product aesthetics, low weight, and good thermal characteristics, as well as brand 
and economic considerations. To ensure that product ideas have good performance, concept 
sketches generated were initially evaluated according to these aspects. In this chapter, the 
sketch design shown in Figure 7.9 is used to illustrate the evaluation process. The detail of 
the sketch design is shown in Figures 7.12 to 7.14. 
 
Figure 7.12: Elaboration of detailed lay structure from Figure 7.9 
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Figure 7.13: Elaboration of detailed outer shell structure from Figure 7.9 
 
Figure 7.14: Elaboration of detailed cooling mechanism from Figure 7.9 
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The helmet illustrated in Figures 7.12 to 7.14 has two separate parts: the outer shell and inner 
hat (Figure 7.12). Users don the inner head cover first. The outside of the inner cover, and the 
inside of the outer shell, are covered with Velcro so the two parts combine together where 
they meet. The mechanical tooth construction of the connecting surface assists in ensuring 
that the two parts combine correctly. The straps from the inner and outer parts are joined to 
the same chin buckle. The inner hat is made of comfortable soft material such as dry wicking 
fabric to fully fit the user‟s head shape. Its core is filled with a neoprene hood.  
 
Figure 7.15: Elaboration of updated outer shell structure from Figure 7.9 
The outer shell has three layers: outer shell, spring layer and inner shell. Initially, its detail is 
designed as shown in Figure 7.13. Small bamboo thin plates are bonded together to make the 
outer shell of the helmet. Beneath the outer shell, many spring sections are fixed to connect 
the outer and inner shell. The inner shell is made by elastic material to fully contact with the 
inner hat part. 
With the help of a design expert from the Royal College of Art (see Wang et al. (2013b)), the 
design of the outer shell changed to Figure 7.15. Thin bamboo plates are bonded together by 
a hard shell carrier (part no.1) to create the outer shell of the helmet. Beneath the outer shell, 
the bamboo plates are mounted into the main impact bushing (part no. 2). The impact bushing 
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is 15 mm in diameter with a length of 11 mm and is designed to interface with (part no. 3) the 
inner shell. The inner shell is made of elastic material making full contact with the inner hat. 
Two chambers are placed at the front of the helmet so that the cooling system using phase 
change material can cool the inside temperature (Figure 7.14). Phase change materials are 
pushed into the chambers through the entrance holes. New phase change materials can be 
easily reloaded.  
7.2.5.2 Idea evaluation  
The sketch designs illustrated from Figure 7.12 to 7.15 were evaluated according to the 
design specifications. Some other aspects like „product aesthetic‟, „light weight‟ and „comfort‟ 
need to be tested with full prototypes. The „product aesthetic‟ largely depends on the helmet‟s 
outer shape design. If a helmet has good heat transfer characteristics, it will be more 
comfortable to wear than the helmet with poor heat transfer characteristics.  
1. High performance in penetration resistance and shock absorbing capacity 
Bamboo has been demonstrated to possess strength superior to some fiber-glass composites 
under certain conditions (Shin et al., 1989). The bamboo outer shell will therefore be able to 
shield a certain level of penetration force when motorcyclists fall during accidents. 
2. Head protection against brain rotation 
The spring layer between the outer and inner shell of the helmet is designed to work in the 
same way as the layer of slippery cerebrospinal fluid sits as protection between the brain and 
the skull. When a rotational force impacts, this layer allows the outer shell to move slightly 
relative to the inner shell that tightly fits onto the motorcyclist‟s head. Much of the twist 
motion is eliminated before it reaches the brain. Bushing has been widely used on vehicle 
suspension systems. It can effectively absorb shocks from many angles and reduce damage to 
motorcyclists‟ heads (Sedlaczek et al., 2011).  
3. Aerodynamics and reliability 
The outer shape of the helmet is designed to mimic the outer shape of helmets on the market 
which have already demonstrated effective aerodynamic function. Straps of the two parts are 
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joined in the same chin buckle and the two parts are tightly combined by Velcro. The design 
may have good reliability during accidents. 
4. High performance in Thermal characteristics to maintain the temperature inside the 
helmet at comfortable level 
The cooling system using phase change material has demonstrated good performance in 
tropical ambient environments. The phase change materials are easily reloaded. Depending 
on their journey plans, motorcyclists could bring moderate amount of PCM encapsulated in 
bags. Therefore, this design has potentially good ventilation characteristics.  
It can therefore be concluded that the proposal has plausible design merits. Because this 
overall solution is formulated by combining selected attributes from the morphological 
analysis grid in Table 7.9, by replacing some sub-systems in this formulation, additional ideas 
may also demonstrate good performance. All 18 concepts have been developed by using this 
approach based on Table 7.9. The particular example illustrated in Figures 7.12 to 7.15 and 
described in this chapter has been presented. As it represents well explored intellectual 
property territory, therefore, it does not involve commercially sensitive issues, and has been 
used here and in associated publication (see Wang et al. (2013c)).  
7.2.6 Project conclusion  
Please note that the project is still processing, it is hard to describe the appearance of the final 
product. In this project, the Effects Genius system was integrated with Morphological 
analysis to generate sketch ideas for helmet concept designs. The idea generation process had 
three steps: keyword conclusion, related effects analysis, and idea generation. Assisted by 
information gathered from the scope, each sub-system was found to fulfil several functions 
generated from the related effects. Through the formulation of combining selected means, 18 
sketch ideas were generated. The evaluation process was illustrated by judging one example 
selected from the sketch ideas. This idea is designed to have good comprehensive 
performance in all evaluated aspects.  
Especially, in the information gathering system test in Section 6.7.2, a piece of valuable 
information related with bamboo material collected from the University of Bath has been 
used in this example idea. This proves that the data gathered from online open source, 
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analysed and installed by the information gathering system do have potential benefits for 
design tasks. Thus, the Effects Genius system stimulated the idea generation process by 
providing design-related effects. 
7.3 Chain spill in the Royal Albert Hall  
7.3.1 Project background  
The Royal Albert Hall (shown in Figure 7.16) is one of the top class concert halls in the 
world. Every year, more than 350 events are staged in the Hall‟s main auditorium (shown in 
Figure 7.17) (RAH, 2013). These events include concerts of classical music, jazz, folk and 
world music, rock, circus, opera, dance, comedy, award ceremonies (e.g. annual award 
ceremonies of Imperial College London), film premieres (e.g. 3D Titanic)  and other 
activities.  
The main auditorium is 185 feet wide by 219 feet long and covered by a glazed dome. It can 
ordinarily hold 3,900 people at each time to enjoy a show (RAH, 2013).  
 
Figure 7.16: An overview of the Royal Albert Hall (RAH, 2013) 
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Figure 7.17: The main auditorium of Royal Albert Hall (RAH, 2013) 
The equipment used in the show are fixed on the truss and hung in the air by lift hoists 
(shown in Figure 7.18). There are two types of hoists: hoist fixed on the roof of the hall 
(picture a in Figure 7.19) and hoist fixed on one end of the truss (picture b in Figure 7.19).  
To lift trusses up, two hoists simultaneously work together. The chain retracted by the two 
hoists is recycled by the bags hanging on them.  
 
Figure 7.18: Equipments are hung in the air (RAH, 2013) 
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Figure 7.19: Hoists used in Royal Albert Hall (picture a: hoist fixed on the roof; picture b: 
hoist fixed at one end of the truss)  
Occasionally, due to various reasons, the chains may spill from the bags. The chain spill issue 
is currently unpredictable and happens during the equipment assembly process. In real 
environments, there are many situations in which chain spill may happen. Figures from 7.20 
to 7.22 illustrate three situations. In Figure 7.20, the spilled chain was close to the people 
below. In Figure 7.21, the truss was highly lifted. The spilled chain was hung in the air. In 
these two situations, the issue was recorded after the chain had spilled from the bag. The 
printed screens in Figure 7.22 were captured from a video recording a chain spilling process. 
The person in blue shirt was just below the chain. Fortunately, he safely escaped from the 
dangerous position before the chain dashed on the ground.      
 
Figure 7.20: Spilled chain in situation 1 
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Figure 7.21: Spilled chain in situation 2 
 
Figure 7.22: Printed screens of spilling chain in situation 3 
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Considering the distance between stage and roof, this issue may cause risk of significant 
injury to people below (e.g. the person in Figure 7.22). More than that, once a chain spill 
issue happens, workers have to move down the truss, fix the problem, and move up the truss 
again. If there is another big show following, this issue may cause high time pressure on 
turnaround work due to the large volume of disassembly and assembly work. For safety 
purposes and the efficiency of the rigging work, it is essential to solve the chain spill problem 
in the Royal Albert Hall.   
7.3.2 Information analysis 
7.3.2.1 Hoist on the roof 
For the hoist on the roof, its chain bag is closely fixed at its chain exit (shown in Figure 7.23). 
As this hoist is fixed, there is almost no relative movement between the hoist and its chain 
bag. The retracted chain is held by the bag. Except for rarely disastrous situations, normally, 
there is no chain spill issue for these hoists. The chain spill issue may mainly happen on the 
hoist fixed on the truss (picture b in Figure 7. 19).  
 
Figure 7.23: The position of the chain bag of the hoist fixed on the roof 
7.3.2.2 Hoist on the truss 
The hoist fixed on the truss is moving to lift the truss up and down during the preparation 
rigging work of the performance (shown in Figure 7.24). Equipment used in the show (e.g. 
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lights, cameras, speakers, LED screens, etc.) are installed on the truss. In picture bof Figure 
7.19, the bag is directly hanging on the hoist. One end of the truss is bound on the hook at the 
bottom of the hoist using flexible connections.     
 
Figure 7.24: Illustrations of the hoist fixed on the truss 
7.3.2.3 Chain spill scenarios 
To analyse the chain spill scenarios, a visual understanding environment (VUE) tool named 
designVUE is used. This tool is an open source project developed by the Design Engineering 
Group of the Mechanical Engineering Department at Imperial College London (Design 
Engineering, 2013).  
The analysis is based on the working principle of the hoist, the rigging work of the bag and 
truss, scenarios of truss moving-up and moving-down and other related situations and 
environments. The analysis result is shown in Figure 7.25. Each green question mark stands 
for a possible factor that may cause an issue (blue question mark) which may finally lead to 
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chain spill. The grey question marks are factors which can be ignored. The red question 
marks are duplicated factors and deleted. For ease of analysis, the diagram analysis results in 
Figure 7.25 were transferred into Table 7.10.  
Table 7.10: The analysis results of chain spill scenarios 
Chain spill Possible causes 
Bag support fail 
Bag-hoist connection breaks apart 
Bag strap breaks apart 
Bag Surface broken 
Hoist support fail Hoist rigging fail 
Chain fail Retracted chain breaks apart 
Uneven distribution of chain in bag Insufficient lubrication 
Misalignment 
between bag and 
chain 
Bag initial position wrong 
Bag-hoist connection position (bag does 
not hang in a proper position) 
Bag strap gets into the way that chain 
default falling route 
Inappropriate bag shape  
Incline of truss 
leading to 
misalignment 
Different 
motor speed 
Manual operation 
Mechanical error (motor speed) 
Different hoist model(although with same 
specification) 
Initial incline 
of truss 
Length differences of Hoist rigging at each 
end of truss 
Length differences of Connection between 
hoist and truss  
Truss position 
affected by 
other truss 
Truss swing 
Manual operation caused truss collision 
Bag position changing under 
operation 
Affected by its own truss 
Affected by other trusses 
shape deflection after loading the chain 
Affected by other bags 
Chain falling direction wrong 
Belt affected chain falling during operation 
Truss swing 
Manual operation  
Chain falling wrong initial 
direction 
Wrong hoist position 
Wrong chain exit direction  
Chain overflow 
Actual retracted chain length exceeds 
default value. (e.g. to hang the truss at 
preset position, the default retracting length 
is 25m, but actually 27m chain is retracted)  
Exceed preset height position (the preset 
height of the truss position is 30m, but it 
reaches 32m) 
Bucket bag too small 
Other items remain in bag (initially ) 
Mismatch between bag and hoist 
Chain has been loaded in to bag incorrectly 
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Figure 7.25: Chain spill scenario analysis using designVUE  
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From Table 7.10, based on the scenarios analysis, there are 6 sub-issues that may cause chain 
spill. As the chain is stored in the chain bag, if the chain bag fails (e.g. the hanging strap 
breaks apart or bag breaks), the retracted chain in the bag will directly spill out (shown in 
Figure 7.26). The fail of the bag hanging position on the hoist may cause chain spill as well. 
 
Figure 7.26: Sketch scenarios of chain bag failure 
Apart from that, the hoist itself and chain itself may break apart. Both situations will cause 
more severe results than chain spill. After the chain exits from the hoist, only gravity acts on 
it and it vertically falls towards the ground. The bag is freely hung on the hoist using a pair of 
straps and initially positioned at the falling route of the chain. During the operation process, 
the bag may swing left and right or forwards and backwards (shown in Figure 7.27). This 
misalignment between the bag and the chain may cause chain spill. In the Table 7.10, many 
reasons that may cause the misalignment are identified.    
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Figure 7.27: Sketch scenario of misalignment between bag and chain 
Additionally, some reasons may cause the chain overflow issue. As the chain is freely 
retracted into the bag, its distribution may be uneven because of insufficient lubrication. In 
the picture a in Figure 7.28, the chain mainly distributed at the right side of the bag. When the 
chain reaches the same height as the bag, following chain may overflow from the bag and 
cause chain spill. If the bag is too small to hold all retracted chain, the chain may directly 
overflow (picture b in Figure 7.28).  
  
Figure 7.28: Scenarios of chain overflows (picture a: uneven distribution, picture b: small bag) 
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7.3.2.4 Scenario analysis 
Table 7.10 lists possible reasons that may cause chain spill. If the final design can solve all 
the reasons, a high level of safety may be achieved. But the design may be too complicated to 
be realised. Considering the time pressure during the interval of two performances, a creative 
design solution should bring no or very little extra time burden into the rigging work. To 
achieve both aims, all reasons were judged by two aspects: Likelihood of occurrence and 
severity of consequences. The first one stands for the degree of the possibility that a reason 
may happen. The second one is defined according to the distance between the chain and the 
ground when the chain spill happens. Both aspects have 4 levels from high to low and are 
indicated by red, yellow, green and white colour (shown in Table 7.11). Some reasons may 
have higher possibility. Some of them may cause more severe damage. The analysis result is 
listed in Table 7.12. 
Table 7.11: Occurrence and severity levels  
Aspects Level 
Likelihood of occurrence A-High B-Moderate C-Low D-Very low 
Severity of consequences 4-High 3-Moderate 2-Low 1-Very low 
Table 7.12: Likelihood and consequence analysis  
# Possible causes (DEG) 
Likelihood of 
occurrence 
Severity of 
Consequences 
1 Bag-hoist connection break apart C 4 
2 Bag strap break apart B 4 
3 Bag Surface broken A 2 
4 Hoist rigging fail D 4 
5 Retracted chain break apart D 1 
6 Insufficient lubrication C 2 
7 
Bag-hoist connection position(bag does not hang in a 
proper position) 
D 2 
8 Bag strap get into the way that chain default falling route A 2 
9 Inappropriate bag shape  D 2 
10 Hoist position wrong A 2 
11 Manual operation D 2 
12 Mechanical error (motor speed) D 2 
13 Different hoist model(although with same specification) D 1 
14 Length differences of Hoist rigging at each end of truss B 2 
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15 Length differences of Connection between hoist and truss  B 2 
16 Truss swing C 3 
17 Manual operation caused truss collision B 4 
18 Affected by its own truss C 1 
19 Affected by other trusses B 2 
20 shape deflection after loading the chain C 1 
21 Affected by other bags C 1 
22 Belt affected chain falling during operation A 3 
23 Truss swing C 1 
24 Manual operation  D 2 
25 Wrong hoist position D 2 
26 Wrong chain exit direction  D 1 
27 
Actual retracted chain length exceeds default value. (e.g. 
to hang the truss at pre-set position, the default retracting 
length is 25m, but actually 27m chain is retracted)  
D 3 
28 
Exceed pre-set height position (the pre-set height of the 
truss position is 30m, but it reaches 32m) 
D 3 
29 Bucket bag too small C 3 
30 Other items remains in bag (initially ) D 2 
31 Chain has been loaded in to bag incorrectly B 2 
In Table 7.12, some reasons may have A level likelihood of occurrence and cause 3 level 
severe consequences (e.g. reason 22); some may cause low risk (e.g. reason 3, 8 and10); 
some may have moderate level likelihood of occurrence and cause top level severity of 
consequences (e.g. reasons 2 and 17). The judgement results were converted into the matrix 
in Table 7.13.  
Table 7.13: The matrix of analysis results in two aspects 
 
Severity of consequences 
4 3 2 1 
L
ik
el
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o
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f 
o
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u
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e
 
A  22 3, 8, 10  
B 2, 17  
14, 15, 19, 
31 
 
C 1 16, 29 6 
18, 20, 21, 
23 
D 4 27, 28 
7, 9, 11, 12, 
24, 25, 30 
5, 13, 26 
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In Table 7.13, the reasons are classified into three levels. Reasons above the red dashed line 
will be mainly considered in further designs, as they are quite possible to happen and cause 
relatively serious consequences.  The reasons below the red dashed line but above the green 
dotted line are less important. The further designs may make some adaptions to cover these 
reasons. The rest reasons in C1, D1, and D2 have low level in both likelihood of occurrence 
and severity of consequences and will be ignored in the further design. The final analysis 
result is shown in Figure 7.29. 
 
Figure 7.29: The pyramid level of reasons  
7.3.3 Design specification 
Considering the information analysed in the above context, the requirements of the design are: 
1. Saving the limited space between the truss and hoist, 
2. Can be adapted with the existing system used by the Royal Albert Hall, 
3. High feasibility to be realised, 
4. A certain level of flexibility with potential future changes. 
This design task is a kind of variant design. The design of the existing mechanism has been 
update to solve the chain spill problem. The design specifications are listed in Table 7.14. 
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Table 7.14: The design specifications of the design for chain spill 
ASPECT OBJECTIVE CRITERIA TEST CONDITIONS 
Client 
requirement   
Solve chain spill 
problem and 
eliminate the  
severity of 
consequence 
The strap of the chain bag 
does not affect chain‟s falling 
route at the start of rigging.  
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. The 
performance of each prototype in 
various scenario tests is exposed 
to the representatives for 
appraisal as well. (LIFTKET, 
2013; RAH, 2013). 
 
Solve chain spill 
problem and 
eliminate the  
severity of 
consequence 
If the chain bag‟s surface is 
broken, the chain does not 
spill out from the bag.   
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. The 
performance of each prototype in 
various scenario tests is exposed 
to the representatives for 
appraisal as well. (LIFTKET, 
2013; RAH, 2013). 
 
Solve chain spill 
problem  
The bag strap does not get in 
the chain‟s path during 
rigging. 
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. The 
performance of each prototype in 
various scenario tests is exposed 
to the representatives for 
appraisal as well (LIFTKET, 
2013; RAH, 2013). 
 
Solve chain spill 
problem and 
eliminate the  
severity of 
consequence 
Chain does not spill out form 
the chain bag when the strap 
breaks apart during operation. 
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. The 
performance of each prototype in 
various scenario tests is exposed 
to the representatives for 
appraisal as well (LIFTKET, 
2013; RAH, 2013). 
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Solve chain spill 
problem 
Make sure the hoist is placed 
at correct position during 
assembly work.  
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. 
Volunteers are given standard 
training. Then, they install the 
hoist and give feedback, which is 
exposed to the representatives 
for appraisal as well. (LIFTKET, 
2013; RAH, 2013). 
 
Solve chain spill 
problem and 
eliminate the  
severity of 
consequence  
Avoid manual operations 
faults cause truss collision 
which further may cause 
chain spill. 
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. 
Volunteers are given standard 
training. Then, they operate the 
system and give feedback, which 
is exposed to the representatives 
for appraisal as well (LIFTKET, 
2013; RAH, 2013). 
 
Eliminate the  
severity of 
consequence  
Chain does not spill out from 
the chain bag when the bag-
hoist connection joint breaks 
apart. 
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. Various 
scenario tests will carry to 
measure the performance of each 
prototype which are exposed to 
the representatives for appraisal 
as well (LIFTKET, 2013; RAH, 
2013). 
Standard 
specification  
Appropriate to 
design 
The uniformly distributed 
load of the beam on the roof 
is 2000 kg. The point load is 
1250 kg. 
The technical specification of 
Royal Albert Hall (RAH, 2013) 
 
Appropriate to 
design 
The length of the truss ranges 
from 13.5 m to 16 m. 
The technical specification of 
Royal Albert Hall (RAH, 2013) 
 
Appropriate to 
design 
The truss is made from black 
GP52 type aluminium. 
The technical specification of 
Royal Albert Hall (RAH, 2013) 
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Appropriate to 
design 
The safe working load of the 
truss is 75 kg/m. 
The technical specification of 
Royal Albert Hall (RAH, 2013) 
Company 
constraints 
Appropriate to 
design 
Assuming the allowed 
working time between two 
shows is 2 hours. 
Volunteers are given standard 
training. Then, they assemble 
and disassemble the mechanisms 
following standard steps.  
Measuring mean time to estimate 
a working time range   
Installation  
The designed 
mechanism is 
easy to be 
assembled 
Assuming each rigging work 
is carried by 4 workers 
together. The unit time cost 
on a mechanism‟s installation 
multiple the number of 
mechanisms should be less 
than 2 hours without adding 
additional workers.      
The mean time used to assemble 
and disassemble each prototype 
is recorded and exposed to the 
representatives of the Royal 
Albert Hall for appraisal. 
Materials  
Appropriate to 
design 
Used materials should meet 
the requirements of the 
predefined loads in the 
standard specifications.  
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. Several 
prototypes are made for each 
design. Stress tests are carried on 
all prototypes. Performances are 
compared and exposed to the 
representatives for appraisal as 
well (BSI, 1999; ISO, 2001; 
ISO/TR, 2005; ISO, 2012; 
LIFTKET, 2013; RAH, 2013).    
Safety 
Comply with 
existing rigging 
system  
Designs should not obviously 
damage the existing rigging 
system (e.g. change the 
structure of the truss.  
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. CAD 
estimate scenarios of installation, 
which are agreed with the 
representatives as well 
(LIFTKET, 2013; RAH, 2013). 
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 Required   
Before the assembly work, 
examinations are carried on 
the working condition of the 
mechanism.    
A safety check list is designed 
and agreed with the 
representatives of the Royal 
Albert Hall 
Packaging  
Appropriate to 
design 
Designs should use standard 
readily available structures in 
order to package same size 
components together. 
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. Expose 
prototypes to the representatives 
for appraisal on the package of 
prototypes (BSI, 1999; ISO, 
2001; ISO/TR, 2005; ISO, 2012; 
LIFTKET, 2013). 
Weight  Low weight 
The total weight of a designed 
mechanism should not exceed 
predefined threshold (e.g. 20 
kg).   
CAD estimate and weight  
Storage  
Space-save in 
storage 
The designed mechanism 
should be space-save in 
storage (e.g. within 50 cm H x 
50 cm W x 50 cm L). 
CAD estimate and measure.  
Size  Small size   
The size of the designed 
mechanism should be 
compatible with the existing 
rigging system (e.g. within 50 
cm H x 50 cm W x 50 cm L). 
Expose prototypes to the 
representatives of the Royal 
Albert Hall for appraisal on 
judging the compatibility of the 
mechanism with the existing 
rigging system (BSI, 1999; ISO, 
2001; ISO/TR, 2005; ISO, 2012; 
LIFTKET, 2013; RAH, 2013).  
Cost  Low cost 
The cost should be low and 
agreed with the Royal Albert 
Hall (e.g. within £ 100). 
Obtain quotations for constituent 
components of each prototype 
Manufacture  
Ensure ready 
supply of 
components  
Using standard components 
and subsystems that are 
readily available on market. 
Identify components on market 
supply inventories (LIFTKET, 
2013). 
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Comply with 
existing 
manufacturing 
techniques 
Using manufacturing 
techniques that are readily 
available from a number of 
local suppliers 
Use established suppliers 
(LIFTKET, 2013) 
Product life 
span 
Maximum  
Regularly examinations are 
carried on the working 
condition of the designed 
mechanism. Replacing broken 
components by a new one. 
New formulated prototypes 
still have standard working 
condition. 
Test prototypes under accelerated 
stress conditions. Replacing 
broken components to formulate 
new prototypes and retest their 
working conditions.  (BSI, 1999; 
ISO, 2001; ISO/TR, 2005; ISO, 
2012; LIFTKET, 2013).  
Maintenance  
Easy to be 
transported 
After the designed mechanism 
is packaged, one worker must 
be able to transport it.  
Expose concept design ideas to 
the representatives of the Royal 
Albert Hall for appraisal. 
Volunteers are given standard 
training. Then, they carry each 
prototype. Feedback is exposed 
to the representatives for 
appraisal.  
 
Efficient 
maintenance    
If a component of the 
mechanism is broken, it can 
readily be replaced by a new 
one. Time cost varies with the 
type of the components but is 
always less than 5 minutes. 
The structures of the 
mechanism are designed for 
easy maintenance purposes  
Using over estimated loads to 
damage a component of each 
prototype. Replacing it with a 
new one. Recording time cost on 
replacement. Retest the 
performance of these prototypes 
expose to the representatives of 
the Royal Albert Hall for 
appraisal (BSI, 1999; ISO, 2001; 
ISO/TR, 2005; ISO, 2012; 
LIFTKET, 2013; RAH, 2013).  
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Environment 
Comply with the 
environment of 
the Royal Albert 
hall 
The shape and appearance of 
the designed mechanism 
should be compatible with the 
environment of the Royal 
Albert hall 
The compatibility of the 
mechanism with the environment 
of the Royal Albert hall is 
exposed to its representatives for 
appraisal (LIFTKET, 2013; 
RAH, 2013) 
Recycling  
Comply with 
expected 
legislation on 
sustainability 
Design should provide 
recommendations for future 
recycling of components in 
order to comply with 
expected legislation on 
sustainability. 
Check national and international 
standards and legislation 
(UKGOV, 2013).   
7.3.4 Idea generation  
7.3.4.1 Creativity tool 
In this project, the creativity tool SCAMPER was used to generate ideas for each reason. The 
SCAMPER stands for the initial letters of the terms and phases: Substitute, Combine, Adapt, 
Modify/Magnify/Minify, Put to other uses, Eliminate/Elaborate, and Reverse/Rearrange 
(Eberle, 1996). It was developed by Robert Eberie from the Osborn checklist for 
brainstorming. For each term, several questions may ask to stimulate the creative thinking of 
the problem solvers. Some example questions are listed in Table 7.15.   
Table 7.15: Example questions for SCAMPER (adapted from Eberle (1996)) 
Letter Terms Questions 
S Substitute 
New ways to use as is? Other uses if modified? Who else instead? What else 
instead? Other ingredient? Other material? Other process? Other power? Other 
place? Other approach? Other tone of voice? Other time? 
C Combine How about a blend, an alloy, an assortment, an ensemble? Combine units? 
A Adapt 
What else is like this? What other idea does this suggest? Does past offer 
parallel? What could I copy? Whom could I emulate? 
M 
Modify 
New twist? Change meaning, colour, motion, odour, taste, form, shape? Other 
changes? 
Magnify 
What to add? More time? Greater frequency? Stronger? Higher? Larger? 
Longer? Thicker? Heavier? Extra value? Plus ingredient? Duplicate? Multiply? 
Exaggerate? 
Minify 
What to subtract? Smaller? Condensed? Miniature? Lower? Shorter? Narrower? 
Lighter? Omit? Streamline? Split up? Understate? Less frequent? 
P 
Put to other 
uses 
Put existing parts to other uses in the system 
E Eliminate Remove elements, simplify, reduce to core functionality 
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Elaborate Build on an existing part of the system 
R 
Reverse 
Interchange components? Other pattern? Other layout? Other sequence? 
Transpose cause and effect? Change place? Change schedule? Earlier? Later? 
Rearrange 
Transpose positive and negative? How about opposites? Turn it backward, 
upside down, inside out? Reverse roles? Change shoes? Turn Tables? Turn other 
cheek? 
7.3.4.2 Idea generation process 
The Effects Genius system was combined with the SCAMPER to generate ideas for each 
reason. The idea generation process is illustrated in Figure 7.30. The whole process has three 
steps: keyword conclusion, related effects analysis, and idea generation.  
 
Figure 7.30: Idea generation process of SCAMPER and the Effects Genius system  
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 Keyword conclusion 
Comparing with the project introduction of the Helmet design project, there is no detail 
introduction of the chain spill problem. The further exploration of possible causes is required. 
At here, only reasons (2, 17, 22, 1, 3, 8, 10) above the dash line are considered. Based on the 
scenario analysis, the related keywords for each reason are listed in Table 7.16. For reason 2, 
the strap breaks apart may be caused by material problems. After long time use, the integrity 
of the strap would decrease. The structure of the strap may be multi-layered. Therefore, 
keywords „Layer‟, „Material‟ and „Strength‟ are related.   
Table 7.16: High important reasons and related keywords (From high to low) 
# Reasons Keywords 
2 Bag strap breaks apart Material, Integrity, Layer 
17 Manual operation caused truss collision Symbol 
22 Belt affected chain falling during operation Flexible, Friction, Force 
1 Bag-hoist connection break apart Material, Integrity 
3 Bag Surface broken Material, Integrity 
8 Bag strap get into the way that chain default falling route Symbol 
10 Hoist position wrong Symbol 
 Related effects analysis 
After all related keywords of each reason were concluded, these keywords were input into the 
Effects Genius system to search keyword-related effects. The search results of these 
keywords are illustrated in Table 7.17.  
Table 7.17: Results of keywords related effects 
Keywords Searched results 
Material  
Bauschinger effect, Bi-metallic or bi-material construction,  Electrostriction, Input-
process-output model, Kragelski phenomenon, Radiation absorption, Thermal 
conductivity 
Integrity 
Changes in the optical-electromagnetic properties of materials, Stevens‟ Law, Weber – 
Fechner law 
Layer  
Bi-metallic or bi-material construction, Changes in surface properties, Construction with 
several floors, Josephson effect 
Symbol  Colour  
Flexible Use of diaphragms 
Friction  Friction, Kragelski phenomenon, Materials active on the polymer layers 
Force  
“Centrifugal” force, Acoustic emission, Complex molecules, Elastic deformation, Elastic 
materials, Electric field, Flow of gases, Friction, Johnson–Rahbeck effect, Layering, 
Magnetic separation, Magnus effect, Proximity, Seebeck effect, Shape-changing objects, 
Shrinking, Thermal convection, Thomson effect, Use a magnet to influence an object or a 
magnet that is connected to the object 
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After further exploration of the detailed information of each effect, reason related items were 
classified. The related results are listed in Table 7.18. For example, for the keyword „Layer‟ 
of reason 2, effect „Josephson effect‟ was ignored. Effects, such as „Bi-metallic or bi-material 
construction‟, „Changes in surface properties‟ and „Construction with several floors‟ were 
classified into the related results.  
 Idea generation  
Based on the related effects and other information, SCAMPER was used to generate ideas for 
the reasons in Table 7.18. By asking questions based on each term of SCAMPER, creative 
ideas were generated.     
Table 7.18: Related results for reasons 
# Reasons Keywords Related results 
2 Bag strap breaks apart 
Material Bauschinger effect, Bi-metallic or bi-material construction 
Integrity Stevens‟ Law, Weber – Fechner law 
Layer 
Bi-metallic or bi-material construction, Changes in surface 
properties, Construction with several floors 
17 
Manual operation 
caused truss collision 
Symbol Colour 
22 
Belt affected chain 
falling during 
operation 
Flexible Use of diaphragms 
Friction 
Friction, Kragelski phenomenon, Materials active on the 
polymer layers 
Force 
Elastic deformation, Elastic materials, Flow of gases, Friction, 
Magnetic separation, Shape-changing objects, Shrinking, Use 
a magnet to influence an object or a magnet that is connected 
to the object 
1 
Bag-hoist connection 
break apart 
Material Bi-metallic or bi-material construction 
Integrity Stevens‟ Law, Weber – Fechner law 
3 Bag Surface broken 
Material Bi-metallic or bi-material construction 
Integrity Stevens‟ Law, Weber – Fechner law 
8 
Bag strap get into the 
way that chain default 
falling route 
Symbol Colour  
10 Hoist position wrong Symbol Colour  
7.3.4.3 Idea illustration 
The ideas were generated for each reason, separately. The number of ideas for each reason 
was different. Some example sketch ideas are illustrated. The rest of the ideas are shown in 
Appendix IV. 
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Figure 7.31: An idea for reason 2 
The idea in Figure 7.31 is for reason 2. The Integrity of the strap is increased by using double 
layers strap (effect: Bi-metallic or bi-material construction).  
 
Figure 7.32: An idea for reason 22 
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To avoid the strap of the chain bag colliding with the falling chain, the idea in Figure 7.32 
changes the connection between the bag and hoist. The flexible strap is replaced by a rigid 
frame (effect: Use of diaphragms). As the bar connected to the hoist is in the middle of the 
bag, it avoids the chain falling route.  
 
Figure 7.33: An idea for reason 1 (refer to the related figure Appendix IV) 
The bag is hanging on the hoist using the strap. The idea in Figure 7.33 adds a backup strap 
and the back strap is hanging on the hoist at a different position (effect: Bi-metallic or bi-
material construction). At normal situation, the backup belt is loose. When the bag hoist 
connection fails, it replaces the original strap to hang the bag on the hoist.  
 
Figure 7.34: An idea for reason 3 
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To solve reason 3, the bag in the Figure 7.34 has two layers (effect:  Construction with 
several floors). The intensities of both layers are enough to hold the chain. If the inside layer 
breaks, the outside layer acts as a backup bag to hold the chain.  
To solve the chain spill problem, the outputs should be an entire design that considers all of 
the high important reasons. The final designs could be generated by combining ideas in 
Appendix IV. Many creative outputs were generated and listed in Appendix V. The final 
outputs were adapted to cover reasons between the dashed line and dotted line in Table 7.13. 
One example is illustrated in Figure 7.35.  
 
Figure 7.35: An entire design for chain spill 
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In the sketch in Figure 7.35, at the chain exit of the hoist, a lubrication device is installed to 
sufficiently lubricate the chain. The retracted chain flows to the bag through the chain route 
guide. The detail structure of the guide is shown in Figure 7.36. Its big open end is 
horizontally placed below the hoist and aligned to the chain falling route. The small open end 
is aligned to the centre of the chain bag, which is placed inside the truss and support by a 
frame fixed on the truss using rigid connections. 
 
Figure 7.36: Chain route guide 
7.3.5 Idea evaluation  
To find suitable solutions for the design task, it is essential to do idea evaluation. In this 
project, the example design in Figure 7.35 was evaluated according to the design 
specifications as follows:  
1. Saving the limited space between the truss and hoist 
In the design, the bag is placed inside the truss. The space originally occupied by the hanging 
bag is released. The original empty space inside the truss is occupied by the bag. Therefore, 
this design saves more space compared with the original system.    
2. High feasibility to be realised 
Comparing with original system, many new components have been introduced. The bag 
supporter frame is made by steel and rigidly fixed on the truss. The two ends of the chain 
route guide are made from rigid material such as plastic, metal plate, etc. The middle part is 
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flexible in directions and can adjust to a range of lengths. The lubrication device is also 
newly added. All these components have to be manufactured separately. As the structures of 
these components are relatively simple, it will be feasible to produce them.        
3. Can be adapted with the existing system used by the Royal Albert Hall 
The bag supporter is fixed on the truss using rigid connections. As the height differences 
among bags, the design work of the supporter is specified to the dimension of the bag. A 
variety of hoists are used by the Royal Albert Hall. The dimension of the chain used on 2t 
hoist is bigger than the chain used on 1t host. The middle part of the chain route guider must 
have enough allowance for the dimension of the chain. If the above two points are considered, 
this design may have good adaption to the existing system.  
4. A certain level of flexibility with potential future changes 
As the bag is placed inside the truss, the design has low tolerance for the changes of truss 
structure. For example, if the truss changes to a solid bar, the connection between the truss 
and the bag supporter has to be redesigned.     
Including satisfying the above specifications, the highlighted novelty point is the discarding 
of the strap. As reason 22 has both high likelihood of occurrence and high severity of 
consequences, the discarding of the strap could thoroughly eliminate this scenario.  
It can therefore be concluded that the proposal has plausible design merits. By replacing 
some ideas in the combination, additional ideas may also demonstrate good performance. All 
ideas shown in the Appendix V represent well explored intellectual property territory and 
therefore do not involve commercially sensitive issues. 
7.3.6 Project conclusion  
This project is processing as well. As the design process is recursive, the final design may 
hard to be predicted. In this project, the Effects Genius system was combined with 
SCAMPER to generate ideas to solve the chain spill problem. Compared with the Helmet 
design project, this project has vague background information, especially the reasons causing 
the chain spill problem. Initially, possible chain spill scenarios were imaged and potential 
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reasons were identified. By using designVUE to analysis task related information, the reasons 
that have high likelihood of occurrence and severity of consequences were explored to 
provide valuable information for the keywords conclusion process in the idea generation 
process. Then, as the same process used in helmet design project, keyword related effects 
were selected and ideas were generated from these effects to solve each scenarios. Through 
the formulation of combining selected ideas, 6 sketch ideas were generated. In the evaluation 
process, the example is also designed to have good comprehensive performance in all 
evaluated aspects. This project proves that, for the design task with vague reasons, the design 
related effects searched from the Effects Genius system still stimulated the idea generation 
process by using other methods (e.g. designVUE) to analysis task related information to 
provide design-related keywords. 
7.4 Feedback from other users  
In addition to the two case studies, the participants, in the survey in Chapter 5, also gave their 
feedbacks on the Effects Genius after they used it. Before they answered the questions in the 
survey, an example design problem was illustrated to help them understand the system.  
The example design is “A building located aside the sea, needs an air conditioning system to 
reduce the temperature inside the building. The budget is limited. Your task is to suggest 
design concepts for an environment management system for this building” (same as the one 
used in Section 6.4.4).  
Some valuable background information of the design task were analysed as “aside the sea”, 
“low budget”, and “reduce temperature”. The concluded keywords were “temperature”, 
“heat”, and “energy”. By inputting these keywords into the system, keywords-related effects 
were searched and task-related ones were selected. Finally, an example idea generated from 
the effects and related background information was explained.  
 174 
 
 
Figure 7.37: An example cooling system of the example design task 
The system shown in Figure 7.37 is composed by two tubes. The heated water from the air 
conditioning system flows in the inside tube with smaller diameter; and the cool ocean water 
flows in the outside tube with a larger diameter. Because the temperature of the two tubes is 
different, the heat is conducted to the cool ocean water. Moreover, the ocean water in the 
outside tube moves faster than the heat water in the inside tube, so the heat is quickly 
transported out of the system. Furthermore, the flow directions in the two tubes are converse, 
so the temperature of the inside water is always higher than the outside. The conducting 
direction of the heat is always from inside to outside. The effects employed in this system are 
thermal conduction and some geometric effects.  
After the illustration of the example design task, participants used the system and answered 
the questions in the survey. Figures 7.38 to 7.41 illustrate the results. 
From Figure 7.38, over 60% of participants admitted that effects suggested by the system 
assist them specifying the information scope of their problems. In Figure 7.39, nearly 90% of 
participants felt that they had a more targeted communication with experts after they used the 
Effects Genius. More than that, considering the working principle of the creativity engine 
described in Chapter 3, from data in Figure 7.40, around 70% of participants positively 
pointed that the Effects Genius could improve performance in the creative thinking by 
recalling their memory on problem related knowledge which they may not concern. 
Furthermore, despite recalled knowledge, Figure 7.41 revealed that the problem related 
effects suggested by the system could directly stimulate participants‟ creative thinking, which 
was supported by over 80% of participants.      
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Figure 7.38: Survey question 1 of part 3 (By using the effects suggested by the Effects 
Genius system, you can specify the information scope for your problem) 
 
Figure 7.39: Survey question 2 of part 3 (By using the effects suggested by the Effects 
Genius system, do you think that this will enable you to have a more targeted communication 
with experts?) 
strongly 
agree 
7% 
agree 
55% 
undecided 
19% 
disagree 
19% 
strongly 
agree 
10% 
agree 
77% 
undecided 
13% 
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Figure 7.40: Survey question 3 of part 3 (The effects, your search result in the Effects Genius 
system, may stimulate your creative thinking by recalling your memory on problem related 
knowledge which you may not concern) 
 
Figure 7.41: Survey question 4 of part 3 (Do you think that the effects suggested by your 
search result of the Effects Genius system, will stimulate your creative thinking by providing 
more problem related knowledge?) 
7.5 Conclusion  
In this chapter, the performance of the Effects Genius system in a real design environment 
was tested by using it in two design projects. In design process of the projects, the Effects 
strongly 
agree 
3% 
agree 
68% 
undecided 
23% 
disagree 
6% 
strongly 
agree 
7% 
agree 
74% 
undecided 
13% 
disagree 
6% 
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Genius system was integrated with different creativity tools to generate ideas, separately. 
Both projects used the same idea generation process: keyword conclusion, related effects 
analysis, and idea generation. After the idea generation process, evaluation processes were 
illustrated by judging one selected example idea in both projects.  
In the helmet project, the final outputs were designed with advanced ventilation 
characteristics. It also proves that the data gathered by the information gathering system have 
potential benefits for design tasks (e.g. bamboo material). 
In the chain spill project, the design task has vague reasons. By using advanced developed 
information analysis tools, task related information were analysed to provide problem-related 
keywords and the overall solutions were designed with highlighted performance in solving 
chain spill. 
Apart from the two case studies, other users also provided positive feedback on their usages 
of the Effects Genius system. The results showed that the system could improve performance 
in the creative thinking in two aspects: recalling users‟ memory on problem related 
knowledge which was not being concerned; and suggesting problem related effects to directly 
stimulate users‟ creative thinking. 
Therefore, the comprehensive performance of the example ideas in the two case studies and 
positive feedbacks from other users demonstrated that the Effects Genius system indeed 
stimulates the idea generation process in the design by suggesting design-related effects. 
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8 Conclusion 
8.1 Overview 
Chapter 1 introduced the basic background of the area of study, and the knowledge gap in 
this research area. Following this sequential research objectives were defined, and research 
methodology was chosen to conduct the research. Research on creativity has been focused on 
by many researchers for decades. However, there is still no universal satisfactory answer and 
definition on what it is and how to achieve it.  
In Chapter 2, previous research on creativity was reviewed. In chronological sequence, there 
were three periods: creative genius, psychometric creativity and social creativity. In the 
period of creative genius, creativity was considered as a generic inheritance of creative genius 
and no existed concept of creativity. The modern research on creativity originated from 
Guilford‟s APA address in 1950. From then on psychometric approaches were used by 
mainstream research activities to examine creative phenomenon and attempted to couch 
creativity in the psychology of the personality. Many popular creativity tools or methods (e.g. 
CAT, Brainstorming, TTCT, etc.) had been developed in this period to power the creative 
ability of human beings. From the mid-1970s, psychologists started to pay more attention to 
social factors. Cultural, political and economic factors on creativity had been widely 
researched. Some factors such as funding agency, research faculty, marketing, leadership, 
management, and teamwork have been studied and many other factors need further 
exploration. Apart from these, 10 existing definitions of creativity were explained and 
compared. By referring to these samples, creativity can be defined as a complex interaction 
among several factors, such as personality traits, social factors, skills, culture, and exterior 
environment.   
In Chapter 3, based on previous research on creativity, a model named the creativity engine 
was proposed to illustrate the creative thinking process. Analogising the function of an 
aircraft engine, the creativity engine “absorbs” the four inputs: Motivation, Expertise, 
Sponsorship, and Communication skills and “jets” creative outputs. The intrinsic motivation 
appears when an individual assesses a task that matches his or her existing preferences and 
interests; or, someone is willing to do something for his or her internal interests. The external 
motivation sets the goal of the creative thinking process. Expertise is important in creativity, 
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as a person who wants to make an impact or promote a new insight in a domain has to 
thoroughly understand the knowledge in that domain at first. Money and resource 
sponsorship may relieve researchers from tasks that divert attention. Resource sponsorships 
from assistants or teammates with diverse backgrounds may spark the creative thinking 
process through other aspects. The communication skills enhance creativity through 
exchanging larger amounts of information. Based on the four “injected” inputs, the working 
principle of the creativity engine defined as the short term memory is refreshed in order to 
retain information while also supplying cues to enable the effective search of the long term 
memory where solutions reside. 
Human beings use short term memory to retain information for limited intervals of time. 
Every piece of information is encoded and then stored in the long term memory for future 
retrieval. In the model, the short term memory responses the problem and analyses how many 
pieces of information a design task is related to. It, then, concludes task related cues from 
them. The cue is used as the retrieval cue to select matched pieces of information from the 
long term memory. Through the combination of selected pieces of information in the short 
term memory, creative outputs can be generated. To enhance this creative thinking process, 
creativity tools could be used.  
In Chapter 4, previous research on creativity tools was reviewed. With the development of 
psychological research on creativity, there are considerable creativity tools which have been 
implemented to stimulate the creative thinking process. To help problem solvers to select 
proper creativity tools, researchers have classified individual and combination levels of 
creativity tools. Referring the working function of the creativity engine that the short term 
memory is refreshed in order to retain information while also supplying cues to enable the 
effective search of long term memory where solutions reside, it is necessary for effective 
means for refreshing and memory searching to be identified. Existing creativity tools are 
suitable to be integrated into the creativity engine model with some adaptions. Various 
elements of these tools are useful, such as the free thinking of brainstorming, the formulation 
of Morphological Analysis, the white hat of six thinking hats, and the knowledge indication 
of TRIZ and TRIZ related tools.  
Chapter 5 presented the implementation work of a specific tool for the creativity engine. In 
this chapter, an Effects Genius is proposed to aid designers to generate creative ideas 
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following the working process of the creativity engine. In real design processes, some design 
applications involve subjects that the designer or design team may not be familiar with. This 
is commonly addressed by consultations with a subject expert or subject expertise, who, 
however, can be stymied by ineffective dialogue with limited understanding of subject 
subtleties or design context. A survey indicated a link between the time for knowledge 
gathering and time for defining appropriate knowledge scope. In addition, issues of 
communication between the designers and the experts have been identified with both 
unfamiliarity with the subject domain and understanding the context of design questions 
being important factors. In order to improve access to expert information, the Effects Genius, 
arising from TRIZ, has been extended to enhance use across a wide range of domains by 
including psychological and design principles. The Effects Genius includes over 300 design-
relevant technical effects and principles from physics, chemistry, geometry, design, and 
psychology. Each effect is provided with a detailed definition, a book reference and a web 
reference. Besides this information, each effect is also provided with several related 
keywords, which can be used as the index for a user to select the effects they need. By 
integrating the Effects Genius into the creativity engine, the knowledge accumulation related 
with the design task could be established. Knowledge is retrieved from the long term memory 
of problem solvers with problem related effects; then, online information is accessed through 
references contained in the effects; following, the knowledge support of unfamiliar fields is 
gained from experts based on the problem related effects; finally, following the rest working 
process of the creativity engine model, creative outputs can be generated.  
Chapter 6 illustrated the implementation process of the e-version Effects Genius system in 
detail. The main function of the Effects Genius system is to provide problem related effects 
and principles to assist designers to rapidly define the knowledge scope of design tasks. To 
realise this function, the concluded effects and principles recorded on the hard paper in the 
Effects Genius was transferred into a designed database. The whole system has three parts: 
webpage downloader, webpage content analyser and Effects Genius system. A web crawler 
technique is integrated with the webpage downloader to mine webpages from candidate 
websites. The webpage content analyser is used to analyse the content of those downloaded 
webpages and select keywords-related ones to update data or entry new data for the Effects 
Genius. The user can access the Effects Genius system online to search design task related 
effects and principles.  
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The Effects Genius system was integrated into the creativity engine. The whole creative 
thinking process was classified into three steps: keyword conclusion, related effects analysis, 
and idea generation. Initially, the short term memory analysed the task and concluded task-
related cues (keywords conclusion). These cues are then used as keywords and input into the 
Effects Genius system to identify task related effects and principles, which were used as cues 
to retrieve related knowledge in the long term memory of designers (related effects analysis). 
After this, a designer‟s mental activities resort back to the short term memory and generate 
ideas by combining these relevant pieces of information (idea generation). Finally, creative 
outputs are proposed. 
After finishing the implementation work of the system, several tests have been done on the 
performance of those components to ensure the whole system works well. The test work has 
two parts: information gathering and analysis system performance test and Effects Genius 
system performance test. The performance of the information gathering and analysis system 
is tested by providing the news release websites of five well-known UK universities. 1286 
webpages were downloaded and 278 keyword-related webpages were selected by the 
software. The webpages were manually explored and 88 of them were confirmed scientific 
related and could be used to refresh the data of the Effects Genius. Comparing the time cost 
on selecting keywords-related webpages by a manual approach and that of the software 
system, the system had much higher efficiency on selecting keyword-related webpages from 
the internet. The performance of the Effects Genius system is tested by integrating the system 
with a standard idea generation process. 7 industry-based projects from IDE alumni were 
analysed through the five steps of the system. Through analysing the working function of the 
final product, the effects that were used in the real product development were contained by 
the final selected effects. This indicates the suitability of the Effects Genius system for 
promoting expert relevant suggestions.  
As the working principle of the system is related with data collection and information 
feedback, to improve the whole Effects Genius system into smarter and more useful tool, new 
technologies, especially research breakthroughs in artificial intelligence, could be 
incorporated into the system. For example, well developed data mining techniques could be 
used to improve the effectiveness and precision of the information gathering, such as 
discovering potential candidate websites and new useful keywords. Machine learning 
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techniques could also be used to „mimic‟ the thinking habits of users during the information 
search and only promote effects with higher design-task relationship.  
To test the performance of the Effects Genius e system in a real design environment, in 
Chapter 7, it was integrated with different creativity tools to generate ideas for two design 
projects, separately. These two projects were: helmet design and design for chain spill 
problem in the Royal Albert Hall. Following the idea generation process, keyword conclusion, 
related effects analysis, and idea generation, the combined creativity tools were used to 
generate ideas. After the idea generation process, evaluation processes were illustrated by 
judging one example idea in both projects. In the helmet project, the final outputs were 
designed with advanced ventilation characteristics. In the chain spill project, the overall 
solutions were designed with highlighted performance in solving chain spill. The 
comprehensive performance of the example ideas represented in the evaluation process 
demonstrated that the Effects Genius system indeed stimulates the idea generation process in 
the design. Apart from the two case studies, the positive feedback of users showed that the 
system could recall users‟ memory on problem and suggest problem related effects as well to 
stimulate users‟ creative thinking. 
8.2 Contributions  
The main contribution of this study is integrating the Effects Genius system in the creativity 
engine to stimulate the creative idea generation process by promoting design task related 
effects. Initially, the short term memory analysed the task and concluded task-related cues 
(keywords conclusion). Then these cues are input into the Effects Genius system to identify 
task related effects and principles (related effects analysis). After this, ideas were generated 
by combining these relevant pieces of information (idea generation). Finally, creative outputs 
are proposed. 
8.2.1 Answers for research question 
This contribution was achieved through answering the two research questions in the defined 
research objectives.  
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1. Is it possible to build a database to supply solid knowledge support in problem 
related fields? 
A database of effects, arising from TRIZ, has been extended to enhance use across a wide 
range of domains by including psychological and design principles. The Effects Genius 
includes over 300 design-relevant technical effects and principles from physics, chemistry, 
geometry, design, and psychology. Each effect is provided with a detailed definition, a book 
reference and a web reference. Besides this information, each effect is also provided with 
several related keywords, which can be used as the index for a user to select the effects they 
need. 
2. How effective will the knowledge support from the database be to stimulate the 
creative idea generation process?  
In Chapter 6, the performance of the Effects Genius system is tested by demonstrating 7 
industry-based projects from IDE alumni. The tests results indicate the suitability of the 
Effects Genius system for promoting expert relevant suggestions.  
In Chapter 7, two design projects were undertaken to test the performance of the Effects 
Genius system in real design environment. Following the idea generation process (keyword 
conclusion, related effects analysis, and idea generation), the comprehensive performance of 
the example ideas represented in the evaluation process demonstrated that the Effects Genius 
system indeed stimulates the idea generation process in the design. 
8.2.2 Fulfilments of research objectives 
The defined objectives were fulfilled as follows:  
A. Construct an effective research methodology to realise the aim of this study 
This was fulfilled in Section 1.5. Theoretical and practical methodologies have been used in 
the study, including exploring a creative thinking process model, designing a survey, 
implementing an Effects Genius system and testing the system. 
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B. Explore previous research on creativity to understand the creative thinking process 
This was fulfilled in Chapter 2. Previous research on creativity has been chronologically 
divided into three periods: creative genius, psychometric creativity and social creativity. 
Based on Wallas‟s four step model, the creative thinking process contained four steps: 
preparation, incubation, and verification.  
C. Analyse influences on the creative idea generation process and illustrate the working 
steps of this process 
This was fulfilled in Chapter 3. The creative engine model “absorbs” the four influences: 
Motivation, Expertise, Sponsorship, and Communication skills and “jets” creative outputs. 
The interrelationship between these influences and creativity were explored. Based on the 
four “injected” inputs, the short term memory is refreshed in order to retain information while 
also supplying cues to enable the effective search of long term memory where solutions 
reside.  
D. Explore existing creativity tools and select proper ones to stimulate the creative idea 
generation process  
This was fulfilled in Chapter 4. The classifications of existing individual creativity tools and 
combinational tools have been reviewed, including Brainstorming, Morphological Analysis, 
Six thinking hats, TRIZ, etc.  However, none of these existing creativity tools are suitable to 
be directly integrated into creativity engine model without adaption. Some useful elements of 
these tools could be employed.  
E. Identify the reasons caused the limitations of knowledge accumulation in problem 
related fields during the idea generation process 
This was fulfilled in Section 5.3.1. A survey has been taken on 31 Innovation Design 
Engineering double masters students. The results revealed the problem linked with the time 
for knowledge gathering and time for defining appropriate knowledge scope. In addition, 
issues of communication between the designers and the experts subjected to the problem as 
well. 
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F. Develop a creativity tool to supply solid knowledge support 
This was fulfilled in Chapters 5 and 6. In Chapter 5, an Effects Genius, arising from TRIZ, 
has been extended to enhance use across a wide range of domains by including psychological 
and design principles. In Chapter 6, the database was transferred into the Effects Genius 
system. Users can access the system online to search design task related effects and principles 
by providing task related keywords. 
G. Apply the tool in real design tasks to test its performance 
This was fulfilled in Chapter 7. The Effects Genius system was integrated with different 
creativity tools to generate ideas for two design projects, separately. These two projects were: 
helmet design project and chain spill problem in Royal Albert Hall. 
Besides fulfilling the pre-defined 7 research objectives, an information gathering and analysis 
function was implemented and integrated into the system (Chapter 6). This function 
contained two parts:  webpage downloader and webpage content analyser. A web crawler 
technique is integrated with the webpage downloader to mine webpages from candidate 
websites. The webpage content analyser is used to analyse the content of those downloaded 
webpages and select keywords-related ones to update data or entry new data for the Effects 
Genius. The performance of the information gathering and analysis system is also tested by 
providing the news release websites of five well-known UK universities. Comparing the time 
cost on selecting keywords-related webpages by a manual approach and that of the software 
system, the system had much higher efficiency on selecting keyword-related webpages from 
internet.  
8.3 Future work 
8.3.1 Future automation of the system 
In this thesis, an Effects Genius system was implemented to stimulate the idea generation 
process by supplying task related effects. These effects were concluded from physics, 
chemistry, geometry, design theory, and psychology. By entering task related keywords, user 
can access the system online to search design task related effects. The effectiveness and 
efficient of the system can be maintained by using the information gathering and analysing 
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function of the system to update existed data and populate new effects in the database. The 
performance of the Effects Genius system had been tested in two design projects. The 
comprehensive performance of the generated ideas demonstrated that the Effects Genius 
system indeed stimulates the idea generation process in the design.  
To ensure the data in the database contain contemporary scientific research breakthroughs as 
well as established effects and principles, the information gathering system could be set to 
run periodically to collect information from candidate websites (e.g. websites of universities) 
and select out keywords-related webpages (e.g. 278 selected webpages). 
With the development of new technologies, especially research breakthroughs in artificial 
intelligence, the incorporation of new technologies may stimulate the revolutions of the 
whole Effects Genius system into smarter and more useful. As the working principle of the 
system is related with data collection and information feedback, for example, techniques in 
data mining or machine learning may be used to update the system.  
Data mining is a computational theory to assist humans in extracting useful data from the 
rapidly growing volumes of digital information (Piatetsky-Shapiro and Parker, 2011). As 
low-level data (raw data) are typically too voluminous to understand, data mining techniques 
„mine‟ useful compact data through pattern discovery and extraction. For instance, in 
business, data mining tools have been widely used to discover habits of customers through 
collected user data to customer managers provide more accurate services for their customers 
and acquire new customers (O'Brien and Marakas, 2011). Machine learning, as a branch of 
artificial intelligence, is about the construction and study of system that can learn from data. 
Systems have the ability to learn from training data without being explicitly programmed 
(Simon, 2013). A good example is the Google self-driving car. Through a period of training 
about the turning, acceleration, braking, etc., the self-driving car can adjust different routes 
without being explicitly programmed environment of all routes (Google, 2013). Techniques 
in these two fields could be implemented into the system as shown in Figure 8.1. 
Through incorporating well developed data mining techniques into the information gathering 
system, the effectiveness and precision of the two rounds selections would be improved. For 
example, by analysing the techniques used in the new inventions or breakthroughs, potential 
candidate websites would be discovered and new useful keywords would be concluded. 
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Machine learning techniques could be incorporated with the Effects Genius system. Through 
learning the thinking habits of users during the information search, only effects have higher 
design task relationship would be promoted, which means the system would be smarter.  
 
Figure 8.1: The incorporation of data mining techniques and machine learning techniques in 
the Effects Genius system 
8.3.2 Future research 
There are some limitations of the study in this thesis. Creativity is a complex interaction 
among several factors, such as personality traits, social factors, skills, culture, and exterior 
environment. The creativity engine only considered four major influences on creativity. 
These are Motivation, Expertise, Sponsorships and Communication skills. In the future, other 
influences could be identified as important as these four. Thereafter, new version model will 
be proposed and the Effects Genius system may need upgrade.  
The effects were concluded from physics, chemistry, geometry, design theory, and 
psychology. As a design task may related other fields varied from the above ones, lack of 
data in the fields may limit the effectiveness of the system. For example, if a design task is 
related with devices used surgery operations, the knowledge fields should be mainly 
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concerned with biology and medicine. Therefore, the database needs to include effects from 
more fields in the future. 
In the two case studies, the Effects Genius system had been implemented within two 
creativity tools (Morphological Analysis and SCAMPER) to stimulate the idea generation 
process. However, based on the review in Chapter 4, there are hundreds of existed creativity 
tools. It will be also very important to test the feasibility of the implementations of Effects 
Genius system with other creativity tools or even with combined creativity tools (e.g. Table 
4.5 in Chapter 4).             
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Appendix I: A survey to identify the main factors caused the limitations of 
knowledge accumulation  
Personal Details 
1. Name (if applicable)  
Surname:       
First name:       
2. Gender:   Male       Female  
3. Age:   Under 20      20-29      30-39      40-49      50-59      60 and over 
4. Experience in engineering design  or related industry:   
 0-2 years    3-5 years    5-9 years    10-14 years   15 years and over     None    
5. Degree titles before the Postgraduate (e.g. BSc in Mechanical engineering) 
……………………………………….. 
Survey Questions 
Part 1: the investigation of the reasons that cause the ineffective information gathering 
1. When designing do you feel that you perform more creatively when tackling a problem 
you are familiar with, rather than one which you are not familiar. Circle ONE number. 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
2. For the application that you are not familiar with, if you have enough time for related 
information gathering, that your output will be creative. Circle ONE number. 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
3. For a 6 months project in the domain which you are familiar with. Normally how much 
time do you allow for information gathering? 
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 within 1 week    1-3 weeks    1-3 months    over 3 months       
4. For a 6 months project in a domain which you are NOT familiar with. Normally how 
much time do you allow for information gathering? 
 within 1 week    1-3 weeks    1-3 months    over 3 months       
5. The time for the information gathering is normally NOT enough. Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
6. If you have more time for information gathering, your output will be better? Circle ONE 
number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
7. If you need help from an expert, do you know which kind of expert you should ask for? 
Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
8. If you go to an expert to ask for help on related information gathering, the work will be 
more efficient if you work alone. Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
9. If you go to an expert in a domain you are unfamiliar with and the expert is unfamiliar 
with your design question either, there are communication problems between you. Circle 
ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
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Survey results data of part I 
Questions Strongly agree Agree Undecided Disagree Strongly disagree 
Q1 4 18 0 9 0 
Q2 8 18 3 2 0 
Q5 4 16 8 3 0 
Q6 4 20 2 5 0 
Q7 5 17 6 3 0 
Q8 5 12 7 6 1 
Q9 1 18 8 4 0 
 
Questions Within 1 week 1-3 weeks 1-3 months Over 3 months 
Q3 3 20 8 0 
Q4 1 11 18 1 
 
 
 
Part II: the understanding of the effects  
1. Do you understand the definition of the following principles? Circle YES or NO for each. 
Principles YES (1) NO (2) 
Thermal radiation 1 2 
Hall effect 1 2 
Faraday effect 1 2 
Cerenkov effect 1 2 
Barkhausen effect 1 2 
Oxidation reaction 1 2 
Deoxidisation reaction 1 2 
Oxidation-reduction reaction 1 2 
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2. Before using the Effects Genius, please judge whether the following principles relate to 
energy change? Circle YES or NO for each. 
Items YES (1) NO (2) 
Thermal radiation 1 2 
Thermal conduction 1 2 
Hall effect 1 2 
Faraday effect 1 2 
Cerenkov effect 1 2 
Barkhausen effect 1 2 
Tunnel effect 1 2 
Luminescence 1 2 
Emission of electrons 1 2 
Survey results data of part II 
 Principles Yes No 
Q10 
Thermal radiation 22 9 
Hall effect 12 19 
Faraday effect 13 18 
Cerenkov effect 4 27 
Barkhausen effect 2 29 
Oxidation reaction 20 11 
Deoxidisation reaction 16 15 
Oxidation-reduction reaction 12 19 
Q11 
Thermal radiation 26 5 
Thermal conduction 25 6 
Hall effect 4 27 
Faraday effect 8 23 
Cerenkov effect 6 25 
Barkhausen effect 7 24 
Tunnel effect 5 26 
Luminescence 19 12 
Emission of electrons 22 9 
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Part III: feedbacks from participants after they use the system 
1. By using the effects suggested by the Effects Genius system, you can specify the 
information scope for your problem. Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
2. By using the effects suggested by the Effects Genius system, do you think that this will 
enable you to have a more targeted communication with experts? Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
3. The effects, your search result in the Effects Genius sytem, may stimulate your creative 
thinking by recalling your memory on problem related knowledge which you may not 
concern. Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
4. Do you think that the effects suggested by your search result of the Effects Genius system, 
will stimulate your creative thinking by providing more problem related knowledge. 
Circle ONE number 
(1)strongly agree (2) agree (3)undecided (4) disagree (5) strongly disagree 
 
Survey results data of part III 
Questions Strongly agree Agree undecided disagree Strongly disagree 
Q1 2 17 6 6 0 
Q2 3 24 4 0 0 
Q3 1 21 7 2 0 
Q4 2 23 4 2 0 
 
 208 
 
Appendix II: The database of the Effects Genius 
Physical effects  
# Physical effects Definition Book or Journal reference Web reference Keywords 
1 Thermal expansion 
Linear expansion: suppose a rod of material has a length L0 at some 
initial temperature T0. When the temperature changes by ΔT, the 
length changes by ΔL. These relationships may be expressed as:  
 L  L 0  T 
Where α is the coefficient of linear expansion.  
Volume expansion: as with linear expansion, if the temperature 
changes  ΔT, the increase in volume ΔV may be expressed as: 
 V βV0 T 
Where β is the coefficient of volume expansion. 
Young, H. D., et al., 2008. Sears 
and Zemansky's university physics: 
with modern physics. 12th ed. Press: 
Pearson Addison Wesley. 
http://hyperphysics.ph
yastr.gsu.edu/hbase/th
ermo/thexp.html  
linear, expansion, 
temperature, volume, 
thermal 
2 
Vibration frequency 
sensitivity to 
thermal expansion 
If the frequency of vibrations increases, the energy of vibrations will 
also increase. These changes will raise the temperature of the 
sample, which causes the thermal expansion. 
Serway, R., et al., 1996. Modern 
Physics. 2nd ed. Press: Thomson 
Learning. 
http://physics.info/ex
pansion/  
frequency, vibration, 
energy, temperature, 
thermal, expansion 
3 
Thermal – electrical 
phenomena 
The direct conversion of temperature differences to electric voltage 
and vice versa. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.metacafe.
com/watch/1944815/y
ou_gotta_see_this/  
conversion, 
temperature, 
difference, electric, 
electricity, voltage 
4 Radiation spectrum 
All electromagnetic waves travel in a vacuum with the speed of light 
c, frequency f, and wavelength λ. Wavelength, speed and frequency 
are related by λ c/f. Each electromagnetic wave has a specific 
frequency, so each wave has a particular wavelength. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://imagine.gsfc.na
sa.gov/docs/science/k
now_l1/emspectrum.h
tml  
electromagnetic, 
waves, frequency, 
wavelength 
5 
Changes in the 
optical-
electromagnetic 
properties of 
materials 
The total intensity I (the average rate of radiation of energy per unit 
surface area or average power per area) emitted from the surface of 
materials in proportional to the fourth power of the absolute 
temperature. The equations is: 
4
I T  
Where σ is the Stefan-Boltzmann constant. In SI units, 
8
2 4
W
5.670400(40) 10
m / K


   
Young, H. D., et al., 2008. Sears 
and Zemansky's university physics: 
with modern physics. 12th ed. Press: 
Pearson Addison Wesley. 
http://galileo.phys.vir
ginia.edu/classes/252/
black_body_radiation
.html  
intensity, emitted, 
surface, materials, 
temperature 
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6 Curie point 
When the temperature of a ferromagnetic substance reaches or 
exceeds a critical temperature, called the Currie temperature, the 
substance loses its spontaneous magnetization and becomes 
paramagnetic. 
Serway, R., et al., 1996. Modern 
Physics. 2nd ed. Press: Thomson 
Learning. 
http://www.physics.u
cla.edu/demoweb/de
momanual/electricity
_and_magnetism/mag
netostatics/curie_tem
perature.html  
temperature, 
ferromagnetic, 
substance, exceeds, 
Currie, magnetization, 
paramagnetic 
7 Hopkinson effect 
Hopkinson's law is a counterpart to Ohm's law used in magnetic 
circuits. It states as: mRF , where F is the magnetomotive force 
(MMF) across a magnetic element,   is the magnetic flux through 
the magnetic element, and Rm is the magnetic reluctance of that 
element. 
Chikazumi, S. & Graham, C. D., 
1997. Physics of Ferromagnetism. 
Press: Oxford University press 
http://www.analogzon
e.com/col_0909.pdf  
magnetic, circuits, the 
magnetic, flux, 
element,reluctance 
8 Barkhausen effect 
The magnetization of a ferromagnetic substance does not increase or 
decrease steadily with steady increase or decrease of the magnetizing 
field but proceeds in a series of minute jumps. 
Valerie, H. P., 1977. The Penguin 
Dictionary of Physics. Press: 
Penguin Books. 
http://www.inrim.it/~
durin/barkh.html  
magnetization, 
ferromagnetic, 
substance,magnetize, 
field, proceeds, jumps 
9 Thermal conduction 
Energy transferred by heat. On an atomic scale, less energetic 
molecules in a continuum gain energy by colliding with more 
energetic molecules. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-astr.gsu.edu/hbase 
/thermo/thercond.htm
l 
Energy, transferred, 
heat, atomic, scale, 
energetic, molecules, 
continuum, energy, 
colliding, molecules 
10 Thermal convection 
Energy transferred by the movement of a fluid. Natural convection:  
the movement results from differences in density. Forced 
convection:  the fluid motion is caused by a compressor, fan or 
pump. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://web.ics.purdue.
edu/~braile/edumod/c
onvect/convect.htm  
Energy, transferred, 
fluid, natural, 
convection, 
movement, density, 
Forced, convection, 
fluid, motion, 
compressor, fan, 
pump 
11 Thermal radiation 
The electromagnetic radiation that emitted by any objects due to the 
thermal motion of its molecules. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://casswww.ucsd.
edu/public/tutorial/Pla
nck.html 
Electromagnetic, 
radiation, emitted, 
objects, thermal, 
motion, molecules 
12 Phase transition 
This occurs when the physical characteristics of the substance 
change from one state to another. Common phase changes are solid 
to liquid (melting), liquid to gas (boiling), and a change in crystalline 
structure of a solid. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-astr.gsu.edu/hbase 
/thermo/phase.html 
physical, 
characteristics, 
substance, state, 
phase, solid, melting, 
liquid, gas, boiling, 
crystalline, structure, 
solid 
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13 
Joule – Thompson 
effect 
A change in temperature observed when a gas undergoes an 
adiabatic expansion without doing external work. 
Valerie, H. P., 1977. The Penguin 
Dictionary of Physics. Press: 
Penguin Books. 
http://www.earlham.e
du/~chem/chem341/c
341_labs_web/joule_t
homson.pdf 
temperature, 
observed, gas, 
adiabatic, expansion, 
external, work, 
14 
Magneto – caloric 
effect 
The temperature change due to the change of the magnetic field. 
Tishin, A. M. & Spichkin, Y. I., 
2003. The magnetocaloric effect and 
its applications. Press:  Taylor & 
Francis Ltd  
http://magnetocaloric.
web.ua.pt/mce.html 
temperature, change, 
magnetic, field, 
15 
Electro – magnetic 
induction  
An electric current can be produced by a time-varying magnetic 
field. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://info.ee.surrey.a
c.uk/Teaching/Course
s/EFT/dynamics/html/
faradayslaw.html 
electric, current,  time, 
varying, magnetic, 
field, 
16 Rankine cycle 
An ideal steam engine cycle since it is 
theoretically reversible. In the diagram, 
AB represents isothermal expansion at 
constant pressure; BC the adiabatic 
expansion of the steam in the cylinder 
during which it cools to the temperature 
of the condenser; and CD the isothermal 
compression at constant pressure; DA 
represents the transfer of the cold water to 
the boiler and at A the water is heated to the temperature of the 
boiler. 
Valerie, H. P., 1977. The Penguin 
Dictionary of Physics. Press: 
Penguin Books. 
 
http://www.swtc.edu/
assets/0/36/824/834/e
12cd436-51e1-4e32-
9e75-
38288ed5e2d7.pdf  
isothermal, expansion, 
pressure, adiabatic, 
steam, cylinder, cools, 
temperature, 
condenser, cold, 
water, temperature, 
boiler 
17 Dielectric heating 
Using the electromagnetic radiation of radio waves or microwaves to 
heat dielectric materials. 
British Electrical Development 
Association, 1950. Induction and 
dielectric heating. Press: British 
Electrical Development Association 
http://www.leonardo-
energy.org/webfm_se
nd/172 
electromagnetic, 
radiation radio 
microwaves heat 
dielectric materials 
18 Electric heating Any process that converts electrical energy into heat. 
Metaxas, A. C., 1996. Foundations 
of electroheat: a unified approach. 
Press: John Wiley and Sons Ltd. 
http://www.tlc-
direct.co.uk/Book/7.1
1.2.htm 
process converts 
electrical energy heat 
19 Electric discharge 
A sudden and momentary electric current that flows between two 
objects at different electrical potentials which are caused by direct 
collision or induced resulting from an electrostatic field. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://picasso.eng.tau.
ac.il/units/electrical/in
ter/edp_lab/main_file
s/main.htm 
momentary electric 
current objects 
electrical potentials 
collision induced 
resulting electrostatic 
field 
20 
Radiation 
absorption 
In superconductors, photons can be absorbed by the material when 
their energy is greater than the gap energy.  
Serway, R., et al., 1996. Modern 
Physics. 2nd ed. Press: Thomson 
Learning. 
http://espere.net/Unite
dkingdom/water/uk_a
bsorption.htm 
superconductors, 
photons material gap 
energy. 
A B 
D C 
p 
γ 
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21 Shrinking 
Reducing the volume of an object by means of external force, heat 
transfer or chemical transformation. 
Ramamoorthy, B. and 
Radhakrishnan, V., 1994. "A study 
of the surface deformations in press 
and shrink fitted assemblies." Wear. 
173(1-2), pp. 75-83. 
 
Reducing the volume 
external force, heat 
transfer chemical 
transformation 
22 Thermal insulation 
The rate of heat transfer is reduced by, for example, insertion of low 
thermal conductivity materials. 
Stirling, C., 2002. Thermal 
insulation: avoiding risks; a good 
practice guide supporting building 
regulations requirements. Press: 
BRE Press.  
http://www.insulation
-r-values.com/ 
rate heat transfer 
insertion thermal 
conductivity materials 
23 Reflection of light 
The change in direction of waves. Specular reflection: the reflected 
waves are all parallel.  Diffuse reflection: the reflected waves travel 
in scattered directions. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://webphysics.dav
idson.edu/physlet_res
ources/bu_semester2/
c23_reflection.html 
direction waves 
Specular reflection 
reflected waves 
parallel Diffuse 
reflection, the 
reflected waves travel 
scattered directions 
24 Radiation of light 
The electromagnetic radiation of all wavelengths, whether visible to 
human eyes or not. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.lbl.gov/M
icroWorlds/ALSTool/
EMSpec/EMSpec2.ht
ml 
electromagnetic 
radiation wavelengths, 
visible human eyes 
25 Photoelectric effect 
Electrons are emitted from metals, non-metallic solids, liquids or 
gases as a consequence of their absorption of energy from 
electromagnetic radiation of very short wavelength. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://galileo.phys.vir
ginia.edu/classes/252/
photoelectric_effect.h
tml 
Electrons metals, non-
metallic solids, liquids 
gases consequence 
absorption energy 
from electromagnetic 
radiation short 
wavelength 
26 X-ray 
A form of electromagnetic radiation that has a wavelength in the 
range of 10 to 0.01 nanometres, corresponding to frequencies in the 
range 3 × 1016 Hz to 3 × 1019 Hz and energies in the range 120 eV to 
120 keV. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://home.clara.net/
darvill/emag/emagxra
y.htm 
electromagnetic 
radiation wavelength 
nanometres, 
frequencies, energies 
27 Doppler effect 
The change in frequency of a wave for an observer moving relative 
to the source of the wave. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://paws.kettering.e
du/~drussell/Demos/d
oppler/doppler.html 
frequency observer 
relative source wave. 
28 Interference 
The combination of separate waves in the same region of space to 
produce a resultant wave. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://id.mind.net/~zo
na/mstm/physics/wav
es/interference/intrfrn
c.html 
combination resultant 
wave 
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29 Nuclear reaction 
Conversion of a nucleus by interaction (collision) with another 
nucleus. A hadron, a lepton, or a gamma quantum: 
 a A b B, a b       
Where a is the incident particles (projectile); A is the target nucleus; 
b is the outgoing particles (ejectile); and B is the remaining nucleus.   
Types of nuclear reactions: 
Elastic scattering: a A a A ,    
Inelastic scattering: a A a A ,
    
Radiative capture: a A B ,    
Rearrangement reaction: a A b B, a b,      
Multi-particle reaction: 1 2a A B b b ,      
Fusion: a A C ,

   
Induced nuclear fission: 1 2a A B B .      
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/nu
clear/nucrea.html 
Conversion nucleus 
interaction collision 
nucleus, hadron, 
lepton, gamma 
quantum, elastic 
scattering, radioactive, 
rearrangement 
reaction, multi-
particle, fusion, 
fission 
30 Magnetic field 
A vector field that surrounds any material with permanent 
magnetism.  
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.coolmagn
etman.com/magfield.
htm 
vector field permanent 
magnetism. 
31 Radioactive ray 
It contains alpha radioactivity, beta radioactivity, gamma 
radioactivity. 
Alpha radioactivity: 


 
A A 4 4
Z Z 2 2
X Y H e  nucleus (
A
Z
X ) emits an 
alpha particle (
4
2
H e ). 
Beta radioactivity: 




 
 
A A
Z Z 1
A A
Z Z 1
X Y e
X Y e
   the number of nucleons of 
the nucleus is unchanged, but the atomic number is changed by 1. 
Gamma radioactivity: 

 
A A
Z Z
X X a nucleus undergoes a 
second decay to a lower energy state by emitting a photon (  ). 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://library.thinkque
st.org/3471/radiation_
types_body.html 
alpha radioactivity, 
beta gamma, 
nucleons, nucleus, 
atomic, decay, energy 
photon 
32 
Use a magnet to 
influence an object 
or a magnet that is 
connected to the 
object 
The force generated by the magnetic field pulls on other 
ferromagnetic material and attracts or repels other magnets. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/ma
gnetic/elemag.html 
force magnetic field 
pulls ferromagnetic 
material attracts repels 
magnets 
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33 Transfer of pressure 
Pascal‟s law: a change in the pressure applied to an enclosed fluid is 
transmitted undiminished to every point of the fluid and to the walls 
of the container. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.grc.nasa.g
ov/WWW/K-
12/WindTunnel/Activ
ities/Pascals_principle
.html 
Pascal‟s law pressure 
enclosed fluid 
transmit fluid walls 
container. 
34 
Mechanical 
vibrations 
The mechanical oscillations of an object about an equilibrium point. 
Gatti, P.  & Ferrari, V., 1999. 
Applied Structural and Mechanical 
Vibrations: Theory, Methods and 
Measuring Instrumentation. Press: 
Taylor & Francis Ltd. 
http://tutorial.math.la
mar.edu/Classes/DE/
Vibrations.aspx 
mechanical 
oscillations object 
equilibrium point. 
35 “Centrifugal” force 
The effect of inertia that arises in connection with the rotation of a 
particle or object, which is experienced as an outward force away 
from the centre of rotation. 
Sears, F. W. & Zemansky, M. W., 
1960. College Physics. 3rd ed. Press: 
Addison-Wesley Publishing 
Company, Inc. 
http://phun.physics.vi
rginia.edu/topics/cent
rifugal.html 
inertia arises 
connection rotation 
particle or object, 
outward force centre 
rotation. 
36 Light pressure  
The pressure exerted upon any surface exposed to electromagnetic 
radiation 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://maxwell.byu.ed
u/~spencerr/websum
m122/node117.html 
pressure surface 
electromagnetic 
radiation 
37 Piezoelectricity 
 The property of a dielectric become polarised under the influence of 
a mechanical deformation and, conversely, to become deformed 
under the influence of an electric field (electrostriction). 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.american
piezo.com/piezo_theo
ry/piezo_theory.pdf 
dielectric polarised 
influence mechanical 
deformation deformed 
influence electric field 
electrostriction 
38 Magnus effect 
A cylinder rotating in a cross-flow experiences a force perpendicular 
to the flow. Owing to the rotation, the flow on one side of the 
cylinder is diminished; on the other side it is increased. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.mathpage
s.com/HOME/kmath2
58/kmath258.htm 
cylinder force 
perpendicular rotation 
flow diminished 
39 Capillarity 
The tendency of liquids to rise up capillary tubes (tubes of narrow 
bore) is a consequence of surface tension. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/su
rten2.html 
tendency of liquids 
capillary tubes of 
narrow bore surface 
tension. 
40 Osmosis 
The spontaneous passage of a pure solvent into a solution separated 
from it by a semi-permeable membrane, a membrane permeable to 
the solvent but not to the solute. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://www.vivo.colos
tate.edu/hbooks/cmb/
cells/pmemb/osmosis.
html 
passage pure solvent 
solution separated 
semi-permeable 
membrane, membrane 
permeable solvent 
solute 
41 Electro- Osmosis 
The motion of a liquid in a porous solid under the action of an 
external electric field. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://goldbook.iupac.
org/ET06891.html 
motion move, liquid 
porous solid electric 
field. 
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42 Thomson effect 
In a single wire whose ends are maintained at different temperatures, 
the free electron density varies from point to point. Each element of 
a wire of nonuniform temperature is therefore a set of electromotive 
force. 
Sears, F. W. & Zemansky, M. W., 
1960. College Physics. 3rd ed. Press: 
Addison-Wesley Publishing 
Company, Inc. 
http://www.daviddarli
ng.info/encyclopedia/
T/Thomson_effect.ht
ml 
wire nonuniform 
temperature 
electromotive force. 
43 Bernoulli effect 
As a fluid moves through a region in which its speed or elevation 
above the Earth‟s surface changes, the pressure in the fluid varies 
with these changes. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://home.earthlink.
net/~mmc1919/ventur
i.html 
fluid moves region 
speed elevation 
surface pressure fluid. 
44 Movement in waves 
Using the characteristics of waves to control the movements of 
liquid or gas. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
 
waves control 
movements liquid or 
gas. 
45 Weissenberg effect 
When a spinning rod is placed into the solution of liquid polymer, 
the entanglements cause the polymer chains to be drawn towards the 
rod instead of being thrown outward. 
Chanda, M. & Roy, S. K., 2007. 
Plastics Technology Handbook. 4th 
ed. Press: Taylor & Francis Inc. 
http://www.howevery
thingworks.org/suppl
ements/plastics.pdf 
spinning rod liquid, 
entanglements 
polymer chains drawn 
rod outward. 
46 
Introduce gas into 
liquid 
Injecting gases into liquid, such as injecting CO2 into Cola. 
Anderson, J. E., et al., 1998. Method 
for introducing gas into a liquid. 
Patent Number: 5814125. 
 
Injecting gases 
liquid，sparking 
47 Coanda effect A fluid jet is attracted to a nearby surface. 
Spurk, J. H., 1997. Fluid 
Mechanics: problems and solutions. 
Press: Springer-Verlag Berlin and 
Heidelberg GmbH & Co.KG. 
http://jnaudin.free.fr/h
tml/repcotst.htm 
fluid jet surface 
48 Electrify 
The modification of a system so that it is operated by using 
electricity. 
William, D. M., 2001.When the 
steam railroads electrified. 2nd ed. 
Press: Indiana University press. 
 
http://www.american.
com/archive/2008/jul
y-august-magazine-
contents/our-electric-
future 
modification 
electricity. 
49 Electric field 
The electric force (Fe) acting on a particle placed at that point 
divided by the charge (q0) of the particle: 
e
0
q
F
E . 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/HBASE/
electric/elefie.html 
electric force charge 
particle 
50 Condensation 
When heat is removed from a gas, its temperature falls and at the 
same temperature at which it boiled, it returns to the liquid phase. 
Sears, F. W. & Zemansky, M. W., 
1960. College Physics. 3rd ed. Press: 
Addison-Wesley Publishing 
Company, Inc. 
http://www.science.u
waterloo.ca/~cchieh/c
act/c123/phases.html  
heat gas, temperature 
liquid phase 
51 Sound wave A kind of longitudinal wave. 
Sears, F. W. & Zemansky, M. W., 
1960. College Physics. 3rd ed. Press: 
Addison-Wesley Publishing 
Company, Inc. 
http://www.mediacoll
ege.com/audio/01/sou
nd-waves.html 
longitudinal wave, 
sound 
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52 Infrasound The frequency of a sound is less than 16Hz. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.lowertheb
oom.org/trice/infraso
und.htm 
frequency sound 
53 
Ultra-high 
frequency sound 
The frequency of a sound greater than 20kHz. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.radiologyi
nfo.org/en/info.cfm?p
g=pelvus&bhcp=1 
frequency sound 
54 Cavitations 
The formation of vapour bubbles of a flowing liquid in a region, 
where the pressure of the liquid falls below its vapour pressure. 
Young, F. R., 2000. Cavitation. 
Press: Imperial College Press. 
http://cav.safl.umn.ed
u/ 
formation vapour 
bubbles liquid region, 
pressure 
55 Diffusion The migration of matter along a concentration gradient. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://www.occc.edu/
biologylabs/document
s/cells%20membranes
/diffusion_definition.
htm 
migration matter 
concentration gradient 
56 Electrophoresis 
The motion of dispersed particles relative to a fluid under the 
influence of a spatially uniform electric field. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://learn.genetics.ut
ah.edu/content/labs/g
el/electrophoresis/ 
motion dispersed 
particles fluid electric 
field 
57 Resonance The dramatic increase in amplitude near the natural frequency. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://en.wikipedia.or
g/wiki/Resonance 
amplitude frequency 
58 Electro-separation Using a electric field to separate mixtures 
Nekrashevich, G. A., 1962. 
Electrical separation of pegmatites. 
Journal of Glass and Ceramics. 
19(11), pp. 606-611. 
http://catalogue.nrcan.
gc.ca/opac/extras/una
pi?id=tag:catalogue.n
rcan.gc.ca,2010:biblio
-
record_entry/7892168
/-
&format=htmlholding
s-full 
electric field separate 
mixtures 
59 Magnetic separation 
Using a magnetic force to extract magnetically susceptible materials 
from mixtures. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.magnetics
eparations.com 
magnetic force 
magnetically 
susceptible materials 
mixtures. 
60 Hygroscopic effect 
The ability of a substance to attract water molecules from the 
surrounding environment through either absorption or adsorption. 
Zhang, X. J., K. Sumathy, et al., 
2006. "Dynamic hygroscopic effect 
of the composite material used in 
desiccant rotary wheel." Solar 
Energy. 80(8), pp.1058-1061. 
 
substance water 
molecules absorption 
adsorption. 
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61 Melting The phase change of a substance from a solid to a liquid. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.lpi.usra.e
du/meetings/basalts20
07/pdf/2015.pdf 
phase substance solid 
liquid melting 
62 Diffusion melting 
The entropy of fusion and the melting temperature have a governing 
influence on the self-diffusion rates in solids.  
Tiwari, G. P. & Mehrotra, R. S., 
2008. Diffusion and Melting. 
Journal of Defect and Diffusion 
Forum. 279, pp.23-37. 
http://www.scientific.
net/DDF.279.23 
entropy fusion melting 
temperature self-
diffusion solids. 
63 
Johnson–Rahbeck 
effect 
The force required for separation is increased by an amount 
dependent on the materials of the system and the magnitude of the 
electric potential across the system. 
Atkinson, R. 1969. A simple theory 
of the Johnsen-Rahbek effect. 
Journal of Physics D: Applied 
Physics. 2(3),pp.325-332. 
http://iopscience.iop.o
rg/0022-
3727/2/3/303/pdf/002
2-3727_2_3_303.pdf 
force separation 
materials magnitude 
electric. 
64 
Kragelski 
phenomenon 
Friction can be a function of material properties and time. 
Kraghelsky, I. V., et al. 1982.  
Friction and Wear: Calculation 
Methods. Press: Elsevier Science & 
Technology 
 
Friction function 
material properties 
time 
65 Super – fluidity 
The ability of a liquid to creep up at the walls of vessels and to 
overcome potential barriers. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/lh
el.html 
liquid creep up walls 
of vessels barriers. 
66 
Electro-hydraulic 
effect 
The generation of shock waves and highly reactive species in a 
liquid as the result of the application of electrical pulses.  
 
Walters, R.B., 1991. Hydraulic and 
Electro-Hydraulic Control System. 
Press: Kluwer Academic Publishers 
Group. 
http://gut.bmj.com/co
ntent/33/6/791 
shock waves reactive 
species liquid 
electrical pulses. 
67 Induced radiation  
The decrease of the kinetic energy of an incident particle by the 
production of bremsstrahlung (energy radiation) through the 
electromagnetic interaction with the atomic nucleus.  
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://farside.ph.utexa
s.edu/teaching/em/lec
tures/node131.html 
kinetic energy particle 
bremsstrahlung 
radiation 
electromagnetic 
atomic nucleus. 
68 Explosion 
A very rapid reaction arising from a very fast increase of reaction 
rate with increasing temperature. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://www.fas.org/m
an/dod-
101/navy/docs/es310/
chemstry/chemstry.ht
m 
reaction temperature 
heat. 
69 Elastic deformation 
A reversible deformation process in which the body returns to its 
original shape after the removal of the external force. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.ndt-
ed.org/EducationReso
urces/CommunityColl
ege/Materials/Structur
e/deformation.htm 
deformation force. 
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70 Swing wheels The escape wheel in a clock, which drives the pendulum. 
David, G., 2009.  Watch And Clock 
Making. Press: Read books. 
http://www.essortmen
t.com/hobbies/howpe
ndulumclo_sfua.htm 
wheel clock, 
pendulum 
71 
Hydrostatic 
pressure 
The pressure exerted by a fluid at equilibrium due to the force of 
gravity. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://www.sensorson
e.co.uk/pressure-
measurement-
glossary/hydrostatic-
pressure.html 
pressure fluid 
equilibrium gravity 
72 Wave movement 
Mechanical waves: as waves disturb and propagate through a 
medium, they can transport energy. 
Electromagnetic waves: as they propagate through space, they can 
transfer energy to objects placed in their path. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.ryuc.info/
creativityphysics/ener
gy/wave_nature_ener
gy.htm 
Mechanical waves 
disturb propagate 
medium, transport 
energy. 
Electromagnetic 
waves propagate 
space, transfer energy 
path. 
73 
Thermal 
conductivity 
In the equation: 
dT
p kA
dx
 . Thermal conductivity is the 
proportionality constant k, which indicates a material‟s ability to 
conduct heat. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.ndt-
ed.org/EducationReso
urces/CommunityColl
ege/Materials/Physica
l_Chemical/ThermalC
onductivity.htm 
Thermal conductivity 
proportionality 
constant material 
conduct heat. 
74 Seebeck effect 
An electromotive force could be produced by purely thermal means 
in a circuit composed of two different metals whose junctions are 
maintained at different temperatures. 
Sears, F. W. & Zemansky, M. W., 
1960. College Physics. 3rd ed. Press: 
Addison-Wesley Publishing 
Company, Inc. 
http://etd.ohiolink.edu
/send-
pdf.cgi/LEE%20SOO
HYUN.pdf?ucin1123
702712 
Electromotive force 
thermal circuit metals 
junctions 
temperatures. 
75 Super conductivity 
Superconductors are electrical conductors for which the direct-
current resistance drops to an extremely small value when the 
temperature falls below a critical value. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.supercond
uctors.org/ 
Superconductors 
electrical conductors 
direct-current 
resistance temperature 
76 Energy conversion 
Transform energy from one form into another that is better for 
transmission 
Alireza K. & Omer, C. O., 2010. 
Energy harvesting: solar, wind, and 
ocean energy conversion systems. 
Press: Taylor & Francis Ltd. 
http://www.unit-
conversion.info/energ
y.html 
Transform energy 
transmission 
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77 Flow of liquids 
State of matter characterised  by the mobility of molecules. A fixed 
quantity of liquid has a definite volume that varies only slightly with 
pressure and temperature. Liquids are usually assumed to be 
approximately incompressible. If the capacity of a container is 
greater than that of the liquid, the liquid will occupy only part of the 
container and will form an interface separating it from its own 
vapour, the atmosphere or any other gas present. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://zone.ni.com/de
vzone/cda/ph/p/id/134  
matter mobility 
molecules. quantity 
volume pressure 
temperature 
incompressible 
78 Flow of gases 
A state of matter in which only weak, short-range forces act in 
collisions between molecules. Gases are characterised  by a high 
compressibility and by a lack of surface tension and cohesion. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.explorator
ium.edu/xref/phenom
ena/gas_flow.html  
matter forces 
compressibility 
surface tension 
cohesion. 
79 
Size of the 
frequency of 
vibration 
The time taken for the system to undergo one complete vibration is 
the period T of the system. The frequency of the vibration is 1/T. 
Bueche, F. J., 1986. Introduction to 
physics for scientists and engineers. 
4th ed. Press: McGraw-Hill Inc. 
https://ccrma.stanford
.edu/realsimple/weigh
ted_mono/Fundament
al_Frequency_Vibrati
on.html 
frequency vibration 
80 
Transfer and 
reading of magnetic 
and electrical 
parameters 
Magnetic parameters include: magnetic flux, magnetic induction, 
magnetic permeability, etc. 
Electrical parameters include: current, resistance, voltage, electric 
field strength, electric flux, etc. 
Bueche, F. J., 1986. Introduction to 
physics for scientists and engineers. 
4th ed. Press: McGraw-Hill Inc. 
 
Magnetic parameters 
flux, induction, 
permeability 
Electrical parameters 
current, resistance, 
voltage, field strength, 
electric flux 
81 Holography The production of three-dimensional images of objects. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/op
tmod/holog.html 
three-dimensional 
images objects 3D 
82 
Bi-metallic or bi-
material 
construction 
Compound material consisting of two metals layers (or materials in 
the case of a bi-material strip) of different thermal expansion 
coefficients and commonly used a control device or motion feature. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/the
rmo/bimetal.html 
Compound material 
metals layers bi-
material strip thermal 
expansion coefficients 
control device motion 
feature. 
83 Electrostriction 
A phenomenological tensor relating a material‟s deformation to an 
applied electric field. 
Shkel, Y.M., & Klingenberg, D.J., 
1996. Material Parameters for 
Electrostriction. Journal of Applied 
Physics. 80(8), pp. 4566-4572. 
http://minds.wisconsi
n.edu/handle/1793/10
356 
phenomenological 
tensor material 
deformation electric 
field. 
84 
Emission of 
electrons 
Energy is supplied to a conduction electron in a metal in order to 
free it from the metal to vacuum. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://venables.asu.ed
u/sphy/sectA2.doc 
Energy conduction 
electron metal 
vacuum. 
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85 Moiré effect 
A visual perception that occurs when viewing a set of lines or dots 
that is superimposed on another set of lines or dots, where the sets 
differ in relative size, angle, or spacing. 
Post, D., et al., 1994. High 
sensitivity moiré : experimental 
analysis for mechanics and 
materials. Press: Springer-Verlag 
New York Inc. 
 
http://www.mathemat
ik.com/Moire/ 
visual perception lines 
dots superimposed 
size, angle, or spacing. 
86 Magneto- striction 
Elastic change of shape of ferromagnetic substances in magnetic 
fields due to displacements and the turning of the Bloch walls, which 
is the transition region between the crystal regions of equal 
magnetization where the magnetization is changing. Both positive 
and negative relative changes of length may occur. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/Sol
ids/magstrict.html 
Elastic shape 
ferromagnetic 
substances magnetic 
fields Bloch walls, 
transition crystal 
regions magnetization 
length . 
87 Friction A force caused by the interaction of surfaces in contact. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/fri
ct2.html 
force interaction 
surfaces 
88 Adsorption 
The adhesion of the molecules of gas, liquid, or dissolved solids to a 
surface. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://www.rpi.edu/de
pt/chem-eng/Biotech-
Environ/Adsorb/adsor
b.htm 
adhesion molecules 
gas, liquid, dissolved 
solids surface. 
89 Bauschinger effect 
After a certain amount of forward plastic deformation in tension or 
compression, the material yields at a lower stress when the direction 
of loading is reversed than for continued forward deformation. 
Suresh, S., 1998. Fatigue of 
materials. 2nd ed. Press: Cambridge 
University Press. 
http://lmm.epfl.ch/we
bdav/site/lmm/shared/
TPDefandRupt0910/T
PDefFract0910_Baus
chinger.pdf 
plastic deformation in 
tension or 
compression, material 
yields loading lower 
stress deformation. 
90 Irradiation The energy incident per unit area in a given time interval. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.physics.is
u.edu/radinf/food.htm 
energy incident time 
interval. 
91 Solidification Conversion of a liquid into a solid. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://infohost.nmt.ed
u/~ljacobso/solidificat
ionslides.pdf 
Conversion liquid 
solid. 
92 Thermal processing A manufacturing process which heats objects to high temperature. 
Victor E. B. & Peter J. H., 1997. 
Rapid thermal processing of 
semiconductors. Press: Kluwer 
Academic Publishers Group. 
http://www.virginia.e
du/bohr/mse209/chapt
er11.htm 
manufacturing heats 
temperature 
93 Electric resistance 
The amount of current flow through a conductor for a given voltage 
across the ends of the conductor. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/ele
ctric/resis.html 
current flow 
conductor voltage 
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94 
Electro-optical 
effect 
Certain materials change their refractive index when subjected to a 
static (d.c.) or a low-frequency electric field. (including both Pockels 
effect and Kerr effect ) 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://plc.cwru.edu/tut
orial/enhanced/files/fl
c/electrop/electrop.ht
m 
materials refractive 
index static low-
frequency electric 
field Pockels Kerr 
effect 
95 
magneto-optical 
phenomena 
There are two categories of magneto-optical phenomena. 
Magneto-optical effect: the optical properties of a magnetic can be 
altered by magnetic means.  
Photomagnetic effect: a magnetic property of a magnetic material is 
altered by optical means. 
Chikazumi, S. &  Graham, C. D., 
1997. Physics of ferromagnetism. 
Press: Oxford University Press 
 
magneto-optical 
phenomena Magneto-
optical optical 
magnetic 
Photomagnetic effect 
property magnetic 
material 
96 Polarised light The light beams that pass through one polarising sheet. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://physics.kenyon.
edu/EarlyApparatus/T
itlepage/Polarised_Li
ght.html 
light beams polarising 
sheet. 
97 
Electronic 
resonance 
This occurs when the reactance of an inductor balances the reactance 
of a capacitor at some given frequency. 
Bueche, F. J., 1986. Introduction to 
physics for scientists and engineers. 
4th ed. Press: McGraw-Hill Inc. 
http://www.electronic
s-
tutorials.com/basics/r
esonance.htm 
inductor balances 
reactance capacitor 
frequency. 
98 
Paramagnetic 
resonance 
Selective absorption of electromagnetic radiation by atoms of a 
substance. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.chem.que
ensu.ca/eprnmr/EPR_
summary.htm 
absorption 
electromagnetic 
radiation atoms 
substance. 
99 
Nuclear magnetic 
resonance 
A dc magnetic field changes the energy associated with the spin 
states, splitting them apart in energy. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/N
uclear/nmr.html 
magnetic field energy 
spin states, 
100 Mossbauer effect 
The amplification of resonance absorption in crystals at low 
temperature, since the recoil momentum must then be transferred to 
the crystal as a whole. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/hbase/Nu
clear/mossb.html 
amplification 
resonance absorption 
crystals temperature 
recoil momentum 
crystal 
101 Hall effect 
A voltage VH, the Hall voltage, is generated across a current-
carrying conductor placed into a transverse magnetic field that is 
oriented perpendicular to the conductor plane. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
str.gsu.edu/HBASE/m
agnetic/hall.html 
voltage Hall current-
carrying conductor 
transverse magnetic 
field perpendicular 
102 Acoustic emission  
A phenomenon set into vibration by mechanical, electric or magnetic 
forces. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.ipm.virgi
nia.edu/process/Con/
Pubs/thesis19/chapter
3.pdf 
vibration mechanical, 
electric or magnetic 
forces. 
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103 Ionization 
Separating the electron and proton by a distance large enough so that 
the interaction of these particles with other entities in their 
environment is larger than the remaining interaction between them. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://csep10.phys.utk
.edu/astr162/lect/light
/ionization.html 
electron proton 
104 Ultraviolet ray The wavelengths ranging from about 400 nm down to 0.6 nm. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://www.ccpo.odu.
edu/SEES/ozone/class
/Chap_1/1_3.htm 
wavelengths 
105 
Thermomagnetic 
effect 
A fall in temperature occurring when a substance suffers adiabatic 
demagnetisation. 
Valerie, H. P., 1977. The Penguin 
Dictionary of Physics. Press: 
Penguin Books. 
http://iopscience.iop.o
rg/0953-
8984/5/9/019/pdf/095
3-8984_5_9_019.pdf 
temperature substance 
adiabatic 
demagnetisation. 
106 
Photochromatic 
effect 
The production of a reversible photo-induced colour change. 
Wayne, R. P., 1988. Principles and 
Applications of Photochemistry. 
Press: Oxford University Press. 
http://www.photochro
m.com/Photochrome.
html 
photo-induced colour 
107 Internal photo effect The release of electrons inside a material. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.phys.huji.
ac.il/~hagaie/courses/
SinglePhotonDetector
s.pdf 
electrons material. 
108 Liquid displacement Using gases or foams to displace liquids.   gases foams liquids. 
109 
Interference of 
waves 
The addition of two or more waves that result in a new wave pattern. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://physics.bu.edu/
~duffy/py105/WaveIn
terference.html 
waves pattern. 
110 Diffraction Deviation from the straight propagation of waves. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/ph
yopt/diffracon.html 
straight propagation 
waves. 
111 Standing waves 
An oscillation pattern that results from two waves travelling in 
opposite directions. 
Serway, R., Jewett, J. W. Jr., 2002. 
Principles Of Physics: A Calculus – 
Based Text. 3rd ed. Press: Thomson 
Learning. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/w
aves/standw.html 
oscillation pattern 
waves 
112 Electrets Ferroelectric crystals with a permanent dipole moment. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://rimstar.org/mat
erials/electrets 
Ferroelectric crystals 
dipole moment. 
113 
Hydro-magnetic 
phenomena 
In a plasma fluid, electric current are easily induced and the 
associated magnetic field in turn interact with the plasma to confine 
or to accelerate it. 
Goedbloed, J. P., 2004. Principles of 
magnetohydrodynamics: with 
applications to laboratory and 
astrophysical plasmas. Press: 
Cambridge University Press. 
http://mysite.du.edu/~
jcalvert/phys/mhd.ht
m 
plasma fluid, electric 
current associated 
magnetic field plasma 
confine 
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114 
Electro-
luminescence 
The emission of light by certain phosphorescent substances when 
subjected to a fluctuating electric field. 
Valerie, H. P., 1977. The Penguin 
Dictionary of Physics. Press: 
Penguin Books. 
http://www.bgsu.edu/
departments/chem/fac
ulty/pavel/electrolum.
htm 
emission light 
phosphorescent 
substances electric 
field. 
115 Ferromagnetism 
This occurs if in a crystal there are two sub-lattices with magnetic 
moments of different magnitude that generate magnetic moments. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/So
lids/ferro.htm 
crystal sub-lattices 
magnitude magnetic 
moments. 
116 photoacoustic effect 
A conversion between light and acoustic waves due to absorption 
and localised thermal excitation. 
Kallard, T., 1971. Acoustic surface 
wave and acousto-optic devices. 
Press: Optosonic press. 
http://uw.physics.wisc
.edu/~timbie/P325/Sp
ike_photoacoustic_eff
ect.pdf 
conversion light 
acoustic waves 
absorption thermal 
excitation. 
117 Photoplastic effect 
In elasticity , the general stress-optic law for the plastic state can be 
written in the form: 
 p q f (n)    
Where (p,, q,) are secondary principal stresses and f(n) is a nonlinear 
function of the birefringence.  
Condon, E. U., & Odishaw, H., 
1967. Handbook of Physics. 2nd ed. 
Press: McGraw-Hill. 
http://adsabs.harvard.
edu/abs/1974JAP....4
5.1013C 
elasticity stress-optic 
law plastic state 
secondary principal 
stresses birefringence 
118 Josephson effect 
The tunnelling of Cooper pairs (quasi-particle of the coupling of two 
electrons with opposite spins and momentum by means of a phonon 
(BCS theory)) through a thin insulating layer between two 
superconductors.  
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.phys.ufl.e
du/~pjh/teaching/phz
7427/7427notes/josep
hson.pdf 
tunnelling Cooper 
quasi-particle 
electrons with 
opposite spins 
momentum phonon 
layer superconductors. 
119 Tunnel effect 
A potential barrier of height V0 and width 2a is traversed by a 
particle of energy E < V0.when localizing the particle at the classical 
turning point, the wave function involves momentum components 
that correspond to energies above the potential barrier. The 
uncertainty principle between energy and time allows the 
maintenance of this uncertainty in energy ΔE over a time interval Δt, 
which is sufficiently long to observe the particle behind a potential 
barrier of finite width.   
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www4.uwm.ed
u/cuts/noise/noise3.ht
m 
barrier particle 
energy, localizing the 
particle at the classical 
turning point, wave 
momentum 
components potential 
barrier. 
120 Cerenkov effect 
The radiation for electromagnetic waves, generated by charged 
particles moving with a velocity c n  , where c is the velocity 
of sound in the medium, n>1 is the refractive index of the material 
through which the wave is passing. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc. 
http://www.physics.u
penn.edu/balloon/cere
nkov_radiation.html 
radiation 
electromagnetic 
waves, charged 
particles, 
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121 Zeeman effect 
The splitting of spectral lines in the magnetic field, caused by the 
shift of atomic energy levels due to the interaction of the atomic 
magnetic moment with the external magnetic field. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc.Inc. 
http://hyperphysics.ph
y-
astr.gsu.edu/Hbase/qu
antum/zeeman.html 
splitting spectral lines 
magnetic field, atomic 
energy interaction 
magnetic moment 
magnetic field 
122 
Changes in the state 
of the environment 
Increase or reduce the state‟s electrical conductivity or changes in 
the surface shape of objects that interact with fields. 
  
electrical conductivity 
surface fields 
123 Pinch effect The compression of charged liquids and gases in a magnetic field. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc.Inc. 
http://arxiv4.library.c
ornell.edu/ftp/physics
/papers/0506/0506082
.pdf 
compression liquids 
gases magnetic field. 
124 Faraday effect 
Optically active substance rotates the polarisation direction when 
they are penetrated by a magnetic field strength H  that is aligned 
parallel to the propagation vectork . The rotation angle α is given 
by :   VlH , where l denotes the thickness of the layer 
transmitted, V is the Verdet constant, a material specific parameter 
that depends on the wavelength, H is the magnitude of the magnetic 
field strength. The rotation angle changes sign when the magnetic 
field is reversed.  
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc.Inc. 
http://www.physics.in
diana.edu/~p451s04/e
xperiments/Faraday.p
df 
substance rotates 
polarisation direction 
penetrated magnetic 
field strength, parallel 
propagation vector, 
rotation angle 
125 Kerr effect 
In a transverse electric field (
6
E 10 V m ), an optically isotropic 
substance (e.g. carbon sulfide, benzene) becomes bi-refringent. 
Benenson, W. et al., 2002. 
Handbook of Physics. Press: 
Springer-Verlag New York Inc.Inc. 
http://www.phys.psu.
edu/~adasilva/miscell
aneous/p553kerr.pdf 
transverse electric 
field, optically 
isotropic substance 
carbon sulfide, 
benzene bi-refringent. 
126 
Franz-Keldysh 
effect 
A change in optical absorption by a semiconductor when an electric 
field is applied. 
Rosencher, E. & Vinter, B., 2002. 
Optoelectronics. Press: Cambridge 
University Press. 
http://www.ece.rice.e
du/~irlabs/dfke.htm 
optical absorption 
semiconductor electric 
field 
127 Catalysis 
The process in which the rate of a chemical reaction is changed 
(either increased or decreased) by means of a chemical substance 
known as a catalyst. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel 
Julet. 
http://www.nap.edu/c
atalog.php?record_id
=1253 
chemical reaction 
catalyst. 
128 Sorption 
The action of both absorption and adsorption take place 
simultaneously. 
Manahan, S. E., 2000. 
Environmental Chemistry. Press: 
Taylor & Francis Inc. 
http://www.cee.vt.edu
/ewr/environmental/te
ach/gwprimer/sorp/so
rp.html 
action absorption 
adsorption 
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Chemical effects  
# Chemical effects Definition Book or Journal reference Web reference Keywords 
1 
Thermo-chromatic 
reactions 
The ability of a substance to change colour due to 
a change in temperature. 
Burrows, A., et al., 2009. Chemistry: 
introducing inoganic, organic and 
physical chemistry. Press: Oxford 
university press. 
http://pubs.acs.org/doi/abs/10.1021/
ed076p120 
colour, temperature, 
substance 
2 
Movement of the 
chemical balance 
with temperature 
changes 
A temperature increase favours an endothermic 
reaction, and a temperature decrease favours an 
exothermic reaction. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://newtraditions.chem.wisc.edu/
FPTS/fbeqns/chemeqnf.htm 
temperature, endothermic, 
reaction, exothermic  
3 Chemiluminescence 
The emission of light by products formed in 
energetically excited states. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.shsu.edu/~chm_tgc/che
milumdir/chemiluminescence2.html  
emission, light, energy, 
Chemiluminescence, 
luminescence 
4 
Endothermic 
reactions 
A process or reaction that absorbs energy in the 
form of heat. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://www.chem.umn.edu/outreach
/endoexo.html 
energy, heat, temperature, 
endothermic, reaction 
5 Dissolve materials 
In a dissolving process, enthalpy is required to 
form the solution. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://programs.northlandcollege.ed
u/biology/Biology1111/animations/
dissolve.html 
Dissolve, enthalpy, solution 
6 
Exothermic 
reactions 
Any reactions that transfers thermal energy to the 
surroundings. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://www.chem.umn.edu/outreach
/endoexo.html 
energy, heat, temperature, 
exothermic, reaction, 
transfers, thermal 
7 
Combustion 
(burning)  
The sequence of an exothermic chemical reaction 
between a fuel and an oxidant accompanied by 
the production of heat and conversion of 
chemical species. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.iun.edu/~cpanhd/C101
webnotes/chemical%20reactions/co
mbustion.html 
exothermic, reaction, 
oxidant, heat  
8 
Use of strong 
oxidising agents 
The chemical compound that spontaneously 
evolves oxygen either at room temperature or 
under slight heating. 
Lewis, R. J., Sr., 1997. Hawley’s 
Condensed Chemical Dictionary. 13th 
ed. Press: John Wiley & Sons, Inc. 
http://pages.towson.edu/ladon/orgrx
s/reagent/oxidizer.htm 
compound, oxygen, 
temperature,  
9 
Use of thermite 
mixtures 
Application of mixtures that produce highly 
exothermic reactions that can, for example, melt 
the metal produced. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://boyles.sdsmt.edu/thermite/the
rm.htm 
exothermic, reaction, melt, 
temperature 
10 
Self-propagating 
high-temperature 
synthesis (SHS) 
The synthesis of compounds (or materials) in a 
wave of chemical reaction (combustion) that 
propagates over starting reactive mixture owing 
to layer-by-layer heat transfer. 
Frankhouser, W. L., 1987. Advanced 
processing of ceramic compounds: 
dynamic compaction technology, self-
propagating high-temperature 
synthesis, plasmachemical technology. 
Press: Noyes Data Corporation. 
http://www.ism.ac.ru/handbook/shs
f.htm 
synthesis, compounds , 
reaction, combustion, 
mixture , heat, transfer, 
temperature 
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11 
Use of metallic 
hydrates 
Metallic compounds that have a specific number 
of water molecules attached to them. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://www.smc.edu/projects/28/Ch
emistry_11_Experiments/Hydrates_
Procedure.pdf 
Metallic, compounds, 
water, molecules 
12 
Application of 
thermal isolation 
from foam polymers 
Using polymeric foams as a thermal isolation 
material. 
Klempner, D. & Frisch, K. C., 1991. 
Handbook of polymeric foams and foam 
technology. Press: Hanser Gardner 
Publications. 
http://ocw.mit.edu/NR/rdonlyres/B
C5A6FD8-4841-4031-8795-
5153AA5E3DAF/0/polymer_foams
.pdf 
polymeric, foams, thermal, 
isolation  
13 
Use coloured 
materials to track 
the changes of some 
reactions 
If the conditions of an object changes, the 
coloured materials marked on it also occurs some 
reactions to indicate these changes. 
Tilley, R. J. D., 2000. Colour and the 
optical properties of materials: an 
exploration of the relationship between 
light, the optical properties of materials 
and colour. Press: John Willey and 
Sons Ltd. 
http://www.reprodukce-
barev.org/soubory_ke_stazeni/litera
ture_survey-pc.pdf 
coloured, reactions, indicate 
14 Explosion 
A rapid increase in volume and release of energy 
in an extreme manner, usually with the generation 
of high temperatures and the release of gases. 
Kuo, K. K., 2005. Principles of 
combustion. 2nd  ed. Press: John Willey 
and Sons Ltd. 
http://etc.usf.edu/clipart/11600/116
30/explosion_11630.htm 
semi-flexible, divide, 
separate 
15 Use of diaphragms 
Application of semi-flexible materials to divide 
or separate zones. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://touch.caltech.edu/people/past/
grad/ellis/papers/mems00.pdf 
reactions, oxidation, 
reduction 
16 Means of reduction 
The reactions of materials with low oxidation 
numbers (or high reduction). 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/Chemical/oxred.
html 
reaction, non-spontaneous, 
electric current. 
17 Electrolysis 
The process of driving a reaction in a non-
spontaneous direction by using an electric 
current. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://jchemed.chem.wisc.edu/JCES
oft/CCA/CCA3/MAIN/ELECH20/
PAGE1.HTM 
Reactions, transfer, energy, 
18 Transport reactions 
Reactions that transfer matter, energy, or some 
other property from form to another. 
Atkins, P. & Paula, J. D., 2002. 
Physical Chemistry. 7th ed. Press: 
Oxford University press. 
http://scholarship.rice.edu/bitstream
/handle/1911/19439/9928593.PDF?
sequence=1 
aerosol , liquid, droplets, 
solid , gas. 
19 
Spray materials that 
interact chemically 
with aerosol 
particles 
An aerosol consists of liquid droplets or solid 
particles dispersed in a gas. 
Kodas, T. T.& Hampden-Smith, M. J., 
1999. Aerosol Processing of Materials. 
Press: Wiley-VCH. 
http://www.rap.ucar.edu/staff/tardif/
Documents/CUprojects/ATOC5600
/aerosol_properties.htm 
mixtures 
20 
Mixtures from 
materials that do not 
react chemically 
with each other 
There is no chemical reaction among the 
mixtures. Such as plastic and metal, plastic and 
water, and inert materials. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
 active, components  
21 Synergistic effect 
The effect of two active components of a mixture 
is more than additive, i.e., it is greater than the 
equivalent volume or concentration of either 
component alone. 
Lewis, R. J., 1997. Hawley’s 
Condensed Chemical Dictionary. 13th 
ed. Press: John Willey & Sons, Inc. 
http://capita.wustl.edu/ME567_Info
rmatics/concepts/synerg.html 
polymeric, foams, thermal, 
isolation  
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22 
Oxidation-reduction 
reaction  
All chemical reactions in which the oxidation 
number (oxidation state) of atoms changed. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/Chemical/oxred.
html 
reactions , oxidation, atoms  
23 
Chemical bonding 
of gases 
A chemical bond is a link between atoms. A bond 
forms if the resulting arrangement of atoms has a 
lower energy than the sum of the energies of the 
separate atoms. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/chemical/bond.ht
ml 
bond, link , atoms ,energy  
24 Use of hydrides 
Compounds containing hydrogen and another 
element, either a metal or a non-metal. There are 
three types:  
Ionic hydrides: molecules hydrogen combines 
directly with any alkali metal or with the alkaline 
earth metals Ca, Sr, or Ba. All ionic hydrides are 
solids that have the high melting points 
characteristic of ionic compounds; and due to 
their high reactivity with water, they are 
frequently used to remove traces of water from 
organic solvents. 
Covalent hydrides: the hydrogen atom is 
covalently bonded to the atom of another 
element. They usually have complex polymeric 
structures.  
Interstitial hydrides: molecular hydrogen forms a 
number of hydrides with transition metals. In 
some of these compounds, the ratio of hydrogen 
atoms to metal is not a constant.  Some of them 
have metallic properties such as electrical 
conductivity.  
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://cnx.org/content/m31549/lates
t/ 
Compounds, hydrogen, 
Ionic , Covalent, 
Interstitial , molecules, 
alkali, hydrogen, polymeric  
25 Use of hydrates 
Compounds that have a specific number of water 
molecules attached to them. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://www.smc.edu/projects/28/Ch
emistry_11_Experiments/Hydrates_
Procedure.pdf 
Compounds , water , 
molecules  
26 
Deoxidisation 
reactions 
A half-reaction that involves gain of electrons. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/Chemical/oxred.
html 
half-reaction , electrons, 
Deoxidisation 
27 
Movement of the 
chemical balance 
There are same total numbers of each type of 
atoms on both sides of the equation arrow. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://newtraditions.chem.wisc.edu/
FPTS/fbeqns/chemeqnf.htm 
balance 
28 
Removal of 
hydrides 
Removal the hydrogen anion (H-). 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://cnx.org/content/m31549/lates
t/ 
Removal , hydrogen , anion  
29 
Removal of 
adsorbers 
Removal of the adsorbents, which have the ability 
to condense or hold molecules of other substance 
on their surface. 
Lewis, R. J., 1997. Hawley’s 
Condensed Chemical Dictionary. 13th 
ed. Press: John Willey & Sons, Inc. 
http://pubs.acs.org/doi/abs/10.1021/
ac60042a021 
Removal , adsorbents, 
condense, molecules  
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30 
Reactions of 
polymerization (use 
of glues, liquid 
glass, self hardening 
synthetic materials) 
A process of reacting monomer molecules 
together in a chemical reaction to form three-
dimensional networks or polymer chains. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.cem.msu.edu/~reusch/V
irtualText/polymers.htm 
monomer, molecules 
31 Use of helium 
It is used for many purposes that require some of 
its unique properties, such as its low boiling 
point, low density, low solubility, high thermal 
conductivity, or inertness. 
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://mysite.du.edu/~jcalvert/phys/
helium.htm 
helium 
32 Dissolving bonds The bonds are dissolved in electrolytes. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
 bonds , electrolytes 
33 
Hydrogen absorbing 
metal  
Hydrogen absorbing alloys are the alloy has 
impairment of the hydrogen absorbing ability 
when contact with oxygen. 
Nakamura, Y. et al., 1998. Hydrogen 
Absorbing Alloys. United States Patent. 
Patent Number: 5851690. 
http://www.freepatentsonline.com/5
851690.pdf 
Hydrogen , absorb, alloys , 
oxygen 
34 
Removal of a metal 
from a bond 
Using physical methods or chemical reactions to 
classify the metals of metallic compounds. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://faculty.sdmiramar.edu/fgarce
s/zCourse/All_Year/Ch100_OL/aM
y_FilesLab/06LbOL_Expt/Ex04_Se
pTernMix/SepTernMix_OL.pdf 
compounds, Removal  
35 
Materials active on 
the polymer layers 
In polymer friction, the surface adhesion forms 
the major contribution. 
Bartenev, G. M. & Lavrentev, V. V., 
1981. Friction and wear of polymers. 
Press: Elseiver Science & Technology. 
 polymer , friction, adhesion  
36 
Photo-chemical 
reactions 
When the emulsion is exposed to light, an 
electron is driven out of a bromide ion wherever 
the light falls. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.cem.msu.edu/~reusch/V
irtualText/photchem.htm 
emulsion , electron, 
bromide , ion  
37 
Electro-chemical 
reactions 
The energy released by a spontaneous reaction is 
converted to electricity or the electrical energy is 
used to cause a non-spontaneous reaction to 
occur. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://pages.towson.edu/ladon/electr
ochemistry.htm 
energy , reaction , 
electricity  
38 
Biodegradable 
materials 
The materials can be chemically degraded by a 
physiological environment. 
Smith, R., 2005. Biodegradable 
polymers for industrial applications. 
Press: CRC press. 
http://bmew.ecn.purdue.edu/akkus/
BIO2200_notes/Bioresorbable%20
Materials.ppt 
chemically , physiological , 
environment 
39 Phase transitions  
The change of physical state by vapourisation, 
melting, or solidification 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/thermo/phase.ht
ml 
physical , vaporization, 
vapourisation ,vaporisation, 
melting, solidification 
40 
Energy 
transformation  
A change in internal energy can be identified with 
the heat supplied at constant volume. A change in 
enthalpy is equal to the heat supplied at constant 
pressure. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www-
bioc.rice.edu/pblclass/6th%20grade
/Matter%20&%20Energy/Energy%
20Transformatin%20Notes.pdf 
energy , heat , enthalpy , 
pressure 
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41 
Self-clustering 
molecules 
Molecules can be clustered together without 
external force. 
Mingos, D. M. P. & Wales, D. J., 1990. 
Introduction to cluster chemistry. 
Press: Prentice-Hall International. 
http://www.ee.louisville.edu/~eri/pa
pers_pres/sinn7.pdf 
Molecules , clustered , force 
42 Oxidation reactions 
Reactions that involves loss of electrons:  
2
2Ca 2Ca 4e
 
   
Chang, R. 1998. Chemistry. 6th ed. 
Press: McGraw-Hill. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/Chemical/oxred.
html 
electrons, Reactions  
43 
Chemically bonded 
phase 
Chemical bonds include ion bond, covalent bond, 
π bond, etc. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/chemical/bond.ht
ml#c1 
bonds, ion, covalent,  π  
44 Plastic materials 
Application of synthetic or semi-
synthetic amorphous solid materials. 
Anderson, J. C., et al., 2003. Materials 
Science for Engineers. Press: Nelson 
Thornes Ltd. 
http://www.chemistrydaily.com/che
mistry/Plastic 
synthetic, semi-synthetic, 
amorphous, solid  
45 Elastic materials 
A material to recover its original shape partially 
or completely after the deforming force has been 
removed. 
Lewis, R. J., 1997. Hawley’s 
Condensed Chemical Dictionary. 13th 
ed. Press: John Willey & Sons, Inc. 
http://ttb.eng.wayne.edu/~grimm/B
ME7210/Pages/Elasticity.pdf 
deforming, recover, force  
46 Mix 
Combining two or more materials by a physical 
process or chemical process to form kinds of 
mixtures. There are two kinds of mixtures. 
Heterogeneous mixture: people can identify the 
different components of some mixtures with the 
unaided eye or an optical microscope. 
Homogeneous mixture: the molecules or ions of 
the components are so well mixed that the 
composition is the same throughout, no matter 
how large or small the sample.  
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.elmhurst.edu/~chm/vch
embook/106Amixture.html 
mixtures, Heterogeneous , 
Homogeneous  
47 
Radical 
recombination 
luminescence 
When the radical recombination acts on 
materials‟ surface, the crystal lattice acts as a 
third body to which the emitted energy is 
transferred.  
Georgobiani, A. N., et al., 2003. 
Radical-recombination luminescence, 
ion-luminescence and 
photoluminescence of CaGa2S4:Eu. 
Journal of Physics and Chemistry of 
Solids 64(9-10), pp: 1519-1524. 
http://adsabs.harvard.edu/abs/1967S
vPhJ..10l..66S 
radical , recombination, 
crystal , lattice , energy , 
transferred 
48 
Hydrophilic 
materials 
The molecules of these materials can transiently 
bond with water (H2O) through hydrogen 
bonding. 
Schubert, U. & Husing, N., 2005. 
Sythersis of Inorganic Materials. 2nd ed. 
(rev.) Press: Wiley-vch Verlag GmbH. 
http://www.vivo.colostate.edu/molk
it/hydropathy/scales.html 
molecules , bond , hydrogen  
49 
Hydrophobic 
materials 
The molecules of these materials repel from a 
mass of water. 
Schubert, U. & Husing, N., 2005. 
Sythersis of Inorganic Materials. 2nd ed. 
(rev.) Press: Wiley-vch Verlag GmbH. 
http://www.me.rochester.edu/course
s/ME241/Hydrophobic-Drag(3).pdf  
molecules , repel  
50 Photo chromes 
The production of a reversible photo-induced 
colour change. 
Wayne, R. P., 1988. Principles and 
Applications of Photochemistry. Press: 
oxford University Press. 
http://www.photochrom.com/Photo
chrome.html 
reversible , photo-induced, 
colour  
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51 Electric chromes 
A technique of electroplating a thin layer of 
chromium onto a metal object. 
Lowenheim, F. A., 1978. Eletroplating. 
Press: McGraw-Hill, Inc. 
http://freepages.pavilion.net/nickful
l/chrome.htm 
electroplating , chromium , 
metal  
52 Thermal chromes 
The alloy that contains chromium can be 
hardened by heat treatment. 
Dennis, J. K., 1993. Nickel and 
chromium plating. Press: Woodhead 
Publishing. 
http://freepages.pavilion.net/nickful
l/chrome.htm 
alloy , chromium , heat  
53 Etching 
Using strong acid or mordant to cut into the 
unprotected parts of an object surface to create a 
design in intaglio. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://scholarship.rice.edu/bitstream
/handle/1911/19439/9928593.PDF?
sequence=1 
acid , mordant , surface , 
cut, design  
54 Exchange reactions 
The exchange of atoms, ions, or radicals between 
molecules or possibly multi-atom ions. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.chemistry.wustl.edu/~c
ourses/genchem/Labs/IonExchange/
Reactions.htm 
exchange , atoms, ions, 
radicals , molecules  
55 Lacquers 
Polymer solutions to which pigments have been 
added. 
Carraher, C. E., 2007. Introduction to 
polymer chemistry. Press: Taylor & 
Francis Inc. 
http://www.getty.edu/museum/publi
cations/docs/techniquesofchineselac
quer.pdf 
Polymer , solutions , 
pigments  
56 
Colour reaction or 
indicator materials  
The reactions and indicator materials which can 
indicate the situation of the object in a space. 
Tilley, R. J. D., 2000. Colour and the 
optical properties of materials: an 
exploration of the relationship between 
light, the optical properties of materials 
and colour. Press: John Willey and 
Sons Ltd. 
http://www.reprodukce-
barev.org/soubory_ke_stazeni/litera
ture_survey-pc.pdf 
reactions , indicator ,  
57 
Chemical reactions 
with light 
measurement 
By measuring the amount of light absorption, the 
concentrations of solutes can be determined. 
Mary, E., 1994. Concise encyclopedia 
chemistry. Press: Walter de Gruyter & 
Co. 
 
absorption, concentrations , 
solutes  
58 Weaken a solution 
A solution is a homogeneous mixture of two or 
more substances. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
 
solution , homogeneous , 
mixture , substances 
59 Complex molecules 
An organised, complex entity that is created from 
the association of two or more chemical species 
held together by intermolecular forces. 
Ariga, K. & Kunitake, T., 2006. 
Supramolecular Chemistry-
Fundamentals and Applications. Press: 
Springer-Verlag Heidelberg. 
http://jchemed.chem.wisc.edu/JCE
www/Features/CERS/TOC/mybook
s.php?sorting=62 
intermolecular , forces, 
entity  
60 
Thermo-chemical 
reactions 
The chemical reactions involve with energy 
changes.  
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.chem.tamu.edu/class/m
ajors/tutorialnotefiles/thermo.htm 
reactions , chemical , 
energy  
61 
Radio-chemical 
reactions 
The chemistry that deals with the properties and 
uses of radioactive materials in.  
Choppin, G. R., 2002. Radiochemistry 
and nuclear chemistry. 3rd ed. Press: 
Butterworth-Heinemann. 
http://www.nap.edu/catalog.php?rec
ord_id=9263#toc 
chemistry , radioactive  
62 
Chemical reactions 
in gases that in the 
active area of lasers 
An electric current is discharged through a gas to 
produce light. 
Svelto, O., 2010. Principles of Lasers. 
15th ed. Press: Springer-Verlag New 
York Inc. 
http://hyperphysics.phy-
astr.gsu.edu/hbase/optmod/lasgas.ht
ml 
electric , current , gas , light 
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63 Luminescence 
The absorption of energy by matter and 
subsequent re-emission in the visible spectral 
range, or in adjacent spectral regions. 
Benenson, W. et al., 2002. Handbook of 
Physics. Press: Springer-Verlag New 
York Inc. 
http://journalseek.net/cgi-
bin/journalseek/journalsearch.cgi?fi
eld=issn&query=0022-2313 
absorption , energy , re-
emission , spectral  
64 Bioluminescence 
The production and emission of light by a living 
organism. 
Osamu, S., 2006. Bioluminescence: 
Chemical Principles and Methods. 
Press: World Scientific publishing Co 
Pte Ltd. 
http://www.lifesci.ucsb.edu/~biolu
m/ 
emission , light , organism 
65 
Dissolving with the 
production of 
electrolytes 
A substance that dissolves to give a solution that 
contains ions, which allow the solution to conduct 
electricity. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://dl.clackamas.edu/ch105-
03/electrol.htm 
substance , dissolves , 
solution , ions, electricity 
66 
Production of 
metals from oxides  
Metallic oxides: inorganic compound with the 
formula Fe2O3, FeO, Fe3O4.  
Smyth, D. M., 2000. The defect 
chemistry of metal oxides. Press: 
Oxford University Press. 
http://chemwiki.ucdavis.edu/Inorga
nic_Chemistry/Descriptive_Chemis
try/Oxides 
Metallic , oxides, 
compound , formula  
67 
Production of 
metals from salts 
Metallic salts : the combinations of copper, lead, 
silver and other metals with a weak acid. 
Bamford, C. H., 1972. Reactions of 
metallic salts and complexes, and 
organometallic compounds. Press: 
Elsevier Pub. Co. 
 
Metallic , salts , 
combinations , metals , acid 
68 
Reactions of 
reversible electro 
sedimentation 
The movement of macromolecules in an 
inhomogeneous electric field leads to some 
observable effects: changes of the capacity of a 
cylindrical capacitor, and diffraction of light on 
the optical inhomogeneities of the polymer 
solution. These effects under favourable 
conditions could be used for the determination of 
molecular size and shape.  
Peterlin, A. & Ribaric, M., 1959. 
Dynamic Theory of 
Electrosedimentation. Journal of 
Chemical Physics. 31(3), pp. 759-767. 
http://macro.lsu.edu/howto/Sedime
ntation/Sediment.doc 
macromolecules , 
inhomogeneous , electric , 
cylindrical , capacitor, 
diffraction , light , 
inhomogeneity  
inhomogeneities , polymer , 
solution, molecular  
69 Periodic reaction 
If the network of a reaction contains a cycle that 
provides for restoration of a depleted reactant or 
intermediate while being driven by continuous 
conversion of main reactants to products. 
2004. Chapter 14 Instability, periodic 
reactions, and chaos. In Comprehensive 
Chemical Kinetics. F. G. Helfferich, 
Elsevier. 40, pp. 445-459. 
 
reaction , network , cycle , 
restoration , reactant , 
intermediate ,  
70 Catalyzing 
The process in which the rate of a chemical 
reaction is changed (either increased or 
decreased) by means of a chemical substance 
known as a catalyst. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://www.nap.edu/catalog.php?rec
ord_id=12532 
chemical , reaction , 
substance , catalyst 
71 
Sharing the 
products of a 
reaction 
The products of a reaction can be reused in 
subsequent reactions. 
2004. Chapter 14 Instability, periodic 
reactions, and chaos. In Comprehensive 
Chemical Kinetics. F. G. Helfferich, 
Elsevier. 40, pp. 445-459. 
http://www.ciesin.columbia.edu/TG
/OZ/ozndplt.html 
subsequent , reaction  
72 Magnetised water 
The structure of water molecules are affected by 
powerful magnetic fields, thus eliminating the 
need for chemical softening agents. 
Jeffers, F., 2007. Mondo magnets: 40 
attractive (and repulsive) devices & 
demonstrations. Press: Chicago Review 
Press 
http://www.wbdg.org/ccb/ARMYC
OE/PWTB/pwtb_420_49_34.pdf 
water , molecules , 
magnetic , agents, chemical  
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73 
Molecular 
membranes 
The membrane allows certain molecules to pass 
through, but prevents others. 
Luckey, M., 2008. Membrane 
structural biology with biochemical and 
biophysical foundations. Press: 
Cambridge University Press. 
http://www.lib.ncsu.edu/journals/m
oreInfo.html?id=15691 
membrane , molecules , 
prevents  
74 
Separate from 
solutions 
Using physical methods or chemical reactions to 
separate solutions. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://faculty.sdmiramar.edu/fgarce
s/zCourse/All_Year/Ch100_OL/aM
y_FilesLab/06LbOL_Expt/Ex04_Se
pTernMix/SepTernMix_OL.pdf 
separate , solutions 
75 Inhibitors 
Chemical compounds reduce the rate of either 
anodic oxidation or cathodic reduction, or both. 
Schweitzer, P. A., 2007. Corrosion of 
linings and coatings: cathodic and 
inhibitor protection and corrosion 
monitoring. Press: CRC press. 
http://corrosion-
doctors.org/Inhibitors/Introduction.
htm 
compounds , Chemical , 
anodic , oxidation , 
catholic , reduction  
76 Inert gases  
Noble gases that combine with very few 
elements. 
Jones, L. & Atkins, P., 2000. 
Chemistry: Molecules, Matter, and 
Change. Press: Michelle Russel Julet. 
http://hyperphysics.phy-
astr.gsu.edu/HBASE/pertab/nobgas.
html 
Noble , gases , combine  
77 Protector materials 
Materials that cover the surface or added into the 
compounds used to prevent or postpone chemical 
reactions. 
Schweitzer, P. A., 2007. Corrosion of 
linings and coatings: cathodic and 
inhibitor protection and corrosion 
monitoring. Press: CRC press. 
 
compounds , 
chemical ,reactions, 
prevent , postpone  
78 
Changes in surface 
properties 
Changing the chemical characteristic of surface 
layers to protect the inside of the object. 
Schweitzer, P. A., 2007. Corrosion of 
linings and coatings: cathodic and 
inhibitor protection and corrosion 
monitoring. Press: CRC press. 
http://www.wpi.edu/Images/CMS/
MPI-CHTE/0402-3-
presentation.pdf 
chemical , protect , surface , 
layers  
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Geometric effects 
# Geometric effects Definition Book or Journal reference Web reference Keywords 
1 
Compact packing of 
elements 
The elements or outlines of a product are designed to 
occupy a small special volume. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://coastalsmartgrowth.
noaa.gov/elements/design.
html 
elements , 
outlines ,small , 
volume. 
2 Compression 
The volume of an object or is reduced due to compressive 
stress. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.fst.ohio-
state.edu/Pubs/55.pdf 
volume , 
object ,compressive ,str
ess. 
3 Hyperboloid  of one sheet 
A 3D surface that described by the equation: 
2 2 2
2 2 2
1
x y z
a b c
    
Berger, M., 1987.Geometry II. 
Press: Springer-Verlag Berlin and 
Heidelberg GmbH & Co.KG. 
http://archive.lib.msu.edu/
crcmath/math/math/h/h43
4.htm 
3D ,surface 
4 
Construction with several 
floors 
A construction with multilayer structures. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.photonics.ucla
.edu/comp_pub/intr_opt/O
ptics147.pdf 
construction , 
multilayer, structures. 
5 
Geometric shapes with 
flexible outlines 
The application of forms that have compliant surfaces 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
 
forms, 
compliant ,surfaces 
6 Mobius tape 
A surface has only one side and only one boundary 
component. 
Fauvel, J. 1993. Möbius and his 
band: mathematics and 
astronomy in nineteenth-century 
Germany. Press: Oxford 
University Press. 
http://scidiv.bellevuecolle
ge.edu/math/mobius.html 
surface ,side ,boundary, 
component. 
7 Reuleaux triangle 
The unique plane convex set of constant width that has 
minimal area. 
Berger, M., 1987.Geometry II. 
Press: Springer-Verlag Berlin and 
Heidelberg GmbH & Co.KG. 
http://upper.us.edu/faculty
/smith/reuleaux.htm 
plane, 
convex ,constant , 
minimal ,area. 
8 Crank-cam propulsion A crank transmits power to rotate a cam for propulsion. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.flying-
pig.co.uk/mechanisms/pa
ges/crankslider.html 
crank, transmits, 
power , rotate , cam , 
propulsion. 
9 Cone-shaped ram 
The ram has a cone-shaped head, which enhances the 
momentum of the impact significantly. 
Totten, G., et al., 2001. Handbook 
of residual stress and deformation 
of steel. Press: ASM 
International. 
http://scholar.lib.vt.edu/th
eses/available/etd-
12192001-
233139/unrestricted/CH.3
(METH&MAT).pdf 
ram, cone-shaped, 
head, ,momentum 
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10 Paraboloids 
Elliptic paraboloid:  an oval cup shaped surface that has a 
maximum or minimum point 
Hyperbolic paraboloid: a doubly ruled surface shaped like a 
saddle. 
Berger, M., 1987. Geometry II. 
Press: Springer-Verlag Berlin and 
Heidelberg GmbH & Co.KG. 
http://www-
math.bgsu.edu/z/calc3/par
aboloids.html 
Elliptic , paraboloid, 
oval , surface , 
maximum , minimum 
Hyperbolic, , surface , 
saddle. 
11 Ellipse 
A planar curve that results from the intersection of a cone 
by a plane in a way that produces a closed curve. 
Berger, M., 1987. Geometry II. 
Press: Springer-Verlag Berlin and 
Heidelberg GmbH & Co.KG. 
http://mysite.du.edu/~jcal
vert/math/ellipse.htm 
planar, 
curve ,intersection , 
cone , plane 
12 Cycloid 
The curve defined by the path of a point on the edge of a 
circular wheel as the wheel rolls along a straight line. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://mathdemos.gcsu.ed
u/mathdemos/cycloid-
demo/ 
curve , path , point , 
edge, circular, wheel , 
line. 
13 
Transition from a linear 
process to a face process 
Adopting a process that involves progression of multiple 
activities simultaneously. 
Ullman, D. G., 2010. The 
mechanical design process. Press: 
McGraw-Hill Higher Education. 
http://www.usenix.org/ev
ent/usenix99/full_papers/
pai/pai_html/node5.html 
progression , multiple, 
simultaneously. 
14 Eccentricity 
The distance of each focus from the centre of the ellipse is 
ea, where e is a dimensionless number between 0 and 1 
called the eccentricity. If e=0, the ellipse is a circle. 
Young, H. D., et al., 2008. Sears 
and Zemansky's university 
physics: with modern physics. 
12th ed. Press: Pearson Addison 
Wesley. 
http://www.windows2uni
verse.org/physical_scienc
e/physics/mechanics/orbit
/eccentricity.html 
distance , centre , 
ellipse , eccentricity 
15 Screwing 
A type of fastener characterised  by a helical ridge wrapped 
around a cylinder. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.hingedummy.i
nfo/screwinfopage2.htm 
helical, ridge ,wrapped, 
cylinder. 
16 spirals 
A curve which emanates from a central point, getting 
progressively farther away as it revolves around the point. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.geom.uiuc.ed
u/docs/reference/CRC-
formulas/node35.html 
curve , emanates , 
revolves 
17 Balls Round objects without angles. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://math.rice.edu/~pcm
i/sphere/gos2.html 
Round, objects , angles. 
18 
Carefully selecting the 
shape or path of the 
processing instruments 
Considering all the situations that will affect the precision 
of the process and making preparations before the start of a 
project. 
Ullman, D. G., 2010. The 
mechanical design process. Press: 
McGraw-Hill Higher Education. 
Carefully selecting the 
shape or path of the 
movement of the 
processing instrument 
precision , process , 
preparations 
19 Triangles 
One of the basic shapes of geometry: a polygon with three 
corners or vertices and three sides or edges which are line 
segments. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.icteachers.co.
uk/children/sats/triangles.
htm 
geometry , polygon , 
corners , vertices , 
sides , edges , line, 
segments. 
20 Shape-changing objects 
The morphology of an object can be changed automatically 
or by external force or energy. 
Avent, R. R., 1999. Structural 
engineering in the 21st century. 
Press: American Society of Civil 
Engineers. 
 
morphology, object , 
external , force , energy. 
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21 
Transition from a linear 
movement to a rotating one 
Using a mechanism that can change linear movement into a 
rotating movement. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://www.flying-
pig.co.uk/mechanisms/pa
ges/worm.html 
mechanism , linear, 
movement , rotating 
22 
Using multi-angels objects 
to replace round ones 
Substitution of circular or spherical elements by angular 
features that have the same working functions. 
  
Substitution, circular , 
spherical ,elements, 
angular, 
features ,working 
functions. 
23 
Change in the contact 
surface 
When a surface no longer provides its intended working 
functions, it is replaced by a new contact surface 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
 
surface , working, 
functions, new, 
contact ,surface 
24 Analogy 
When design a new product, designers can refer to the 
similar samples to reduce effort. 
Ullman, D. G., 2010. The 
mechanical design process. Press: 
McGraw-Hill Higher Education. 
 
design ,new, 
similar ,samples , 
reduce, effort. 
25 
Use of a combination of 
simple geometric shapes 
The application of simple forms as a substitute for complex 
features while still preserving functionality. 
Spotts, M. F., et al., 2004. Design 
of machine elements. 8th ed. 
Press: Pearson Education Inc. 
http://orion.math.iastate.e
du/mathnight/activities/m
odules/geomgems/geomg
emright.pdf 
substitute ,complex, 
features, preserving, 
functionality. 
26 
Diagram with the correct 
perspective 
In the design process, designers can set a sub-perspective 
for each step. 
Ullman, D. G., 2010. The 
mechanical design process. Press: 
McGraw-Hill Higher Education. 
 
design, process, sub-
perspective, 
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Psychological and design theory effects 
# Effects  Definition Book or Journal  reference Web reference Keywords 
1 Childhood amnesia 
The phenomenon that no one can recall the events from the first three 
years of life. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
recall, events , three, 
years, life, children. 
2 Cathartic effect 
The aggression can be reduced by allowing children to express 
vicariously and get it out of their system. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
aggression ,children, 
express ,vicariously ,s
ystem 
3 Baby‟s vision 
Newborns are very nearsighted. They have poor visual acuity, and 
limited ability to change focus. But after seven or eight months of age, 
infants‟ visual acuity is close to that of adults. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Newborns , 
nearsighted ,visual ,ac
uity, ,focus , infants, 
visual, acuity 
4 Baby‟s facial 
preference 
Newborns prefer to look at normal happy faces more than scrambled or 
blank fear face. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Newborns , happy, 
faces , blank, fear  
5 Baby‟s hearing 
Newborn infants turn their heads toward the source of a sound. The 
head-turning response disappears at about six weeks and reemerges till 
three or four months, at which time the infants also search with their 
eyes for the source of the sound, which helps young infants to learn 
what objects go with what sounds. 
By six months, infants are able to discriminate between intonations of 
voice indicating approval and disapproval, and give positive responses 
to approval intonations over disapproval intonations. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Newborn, infants, 
heads , sound, infants, 
discriminate ,intonatio
ns, voice  
6 Baby‟s taste and 
smell 
Newborns prefer sweet-tasting liquids over liquids that are salty, bitter, 
sour, or bland. They show a relaxed expression resembling a slight 
smile, sometimes accompanied by lip-licking. They also turn their heads 
toward a sweet smell, and heart rate and respiration slow down.  
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Newborns , sweet, 
tasting, liquids, salty, 
bitter, sour, bland, 
expression , 
slight ,smile, lip-
licking, smell, heart , 
rate , respiration 
7 Piaget‟s stage 
theory 
When infants encounter a novel object or event, they attempts to 
assimilate it – understand it in terms of a pre-existing schema. If the 
new experience does not fit the existing schema, they will engage in 
modifying a schema to fit new information. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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8 Baby-face bias 
People and things with round features, large eyes, small noses, high 
foreheads, short chins, and relatively lighter skin and hair are perceived 
as baby-faced features. They may have attribute: naive, helpless, honest, 
and innocent  
Lorenz, K. (1971). Studies in animal and 
human behaviour, Harvard University 
Press.  
Zebrowitz, L. A. (1997). Reading faces: 
window to the soul?, Westview Press.  
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9 Colour 
It is used in design to attract attention, classify elements, indicate 
meaning and enhance aesthetics.  
The use of colour should follow the guidelines:  
Number of colour 
Conservatively limit colour to what the eye can process at one glance 
(usually no more than 5 colours) 
Colour combinations 
1. Analogous combinations use colours that are next to each 
other on the colour wheel. 
2. Complementary colour combinations use two colours that are 
directly across from each other on the colour wheel.  
3. Triadic colour combinations use colours at the corners of an 
equilateral triangle circumscribed in the colour wheel. 
4. Quadratic colour combinations use colour at the corners of a 
square or rectangle circumscribed in the colour wheel.  
5. Using warmer colours (hues form yellow to red-violet on the 
colour wheel) for foreground elements and cooler (hues from 
violet to green-yellow on the colour wheel) for background 
elements. 
Saturation 
Use saturated colours (pure hues) when attracting attention is the 
priority, and desaturated colours when performance and efficiency are 
the priority. 
Symbolism  
Dark colours make people sleepy, light colours make people lively, 
irritating colours make people irritated. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Albers, J. (1975). Interaction of colour, 
Yale University Press.  
Itten, J. (1974). The art of colour: the 
subjective experience and objective 
rationale of colour, John Wiley.  
Walker, M. (1991). The power of colour, 
Avery Pub. Group. 
http://colours.nap
csweb.com/colour
schemer/colour_w
heel.html 
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10 3D vision of 
human eyes 
Human‟s eyes can only project two-dimensional surface. Depth cues can 
be classified as binocular or monocular. 
Binocular cues:  
Human have two eyes and the two eyes‟ ability to jointly infer depth 
comes about, because the eyes are separated in the head, each eye has a 
slightly different view of the same sense. These cues are limited to 
objects that are relatively close. Binocular disparity refers to the 
difference for objects in the views seen by each eye. The disparity is 
largest for objects that are seen at close range and becomes smaller as 
the object recedes to the distance. Beyond 3-4 meters, the binocular 
disparity is so small that it cannot be used as a cue for depth. 
Monocular cues: 
When people see objects further away than 4 meters, the monocular 
cues must be used.  
1. Relative size: if an image contains an array of similar objects 
that differ in size, the viewer interprets the smaller objects as 
being father away 
2. Interposition: if one object is positioned so that it obstructed 
the view of the other, the viewer perceives the overlapping 
objects as being nearer. 
3. Relative height: among similar objects, those that appear 
closer to the horizon are perceived as being farther away. 
4. Perspective: When parallel lines in a scene appear to converge 
in the image, they are perceived as vanishing in the distance.  
5. Shading and shadows: whenever a surface in a scene is 
blocked from receiving direct light, a shadow is cast. If that 
shadow falls on a part of the same object that is blocking the 
light, it is called an attached shadow or simply shading. If it 
falls on another surface that does not belong to the object 
casting the shadow, it is called a cast shadow. Both kinds of 
shadows are important cues to depth in the scene, giving us 
information about objects shapes, distances between objects, 
and where the light source is in a scene. 
6. Motion: if you move quickly, nearby objects seem to move 
quickly in the opposite direction while more distant objects 
move more slowly. Extremely distant objects appear not to 
move at all.    
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Foley, H. J. and M. W. Matlin (2009). 
Sensation and Perception, Allyn & 
Bacon.  
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11 Top-down lighting 
bias 
Human are biased to interpret objects as being lit from a single light 
source from above.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Ramachandran, V. S. (1988). "Perception 
of Shape from Shading." Nature 
331(6152): 163-166.  
Ramachandran, V. S. (1988). "Perceiving 
Shape from Shading." Scientific American 
259(2): 76-83.  
Sun, J. and Perona, P. (1998) Where is the 
sun? Nature neuroscience, v. 1(3), p. 183-
184.  
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12 Opponent-colour 
theory 
Red and green are form an opponent pair and as do yellow and blue. 
The visual system contains two types of colour-sensitive units: one type 
responds to red or green, the other to blue or yellow. Each unit responds 
in opposite ways to its two opponent colours.  
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
 
Red, green, opponent, 
yellow, blue, visual, 
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colour, 
13 Dark adaptation 
When a person entering a dark room with dim light from a bright 
outside, at first, the person can see hardly anything in the dark room. 
However, in a few minutes the person is able to see well enough. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
 
person, dark, room, 
dim, light, bright  
14 Snellen acuity A snellen chart is an eye chart that used to measure visual acuity. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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15 Trichromatic 
theory 
The eyes have only three types of receptors for colour: short-wavelength 
(blues), medium-wavelength (greens and yellows), and long – 
wavelength (reds). The quality of colour is coded by the patterns of 
activity of three receptors.   
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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16 Stroboscopic 
motion 
Flashing a light in darkness and then, a few milliseconds later, flashing 
another light near the location of the first light. The light will seem to 
move from one place to the other in a way that is indistinguishable from 
real motion. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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17 After effects 
It is produced by adaptation.  If we view a waterfall for a few minutes, 
and then look at the cliff beside it, the cliff will appear to move upward. 
The afterward motion is always opposite direction from the original 
motion. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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motion , 
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18 Selective 
adaptation 
It is a phenomenon that a loss in sensitivity to motion that occurs when 
we view motion; the adaptation is selective in that we lose sensitivity to 
the motion viewed and to similar motions, but not to motion that differ 
significantly in direction or speed. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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19 Orientation 
sensitivity 
It is a phenomenon that visual processing in which certain line 
orientations are more quickly and easily processed and discriminated 
than other line orientations. It is based on two phenomena:  
Oblique effect 
It is the ability to more accurately perceived and judge line orientations 
that are close to vertical and horizontal, than line orientations that are 
oblique. 
Pop-out effect 
It is the tendency of certain elements in a display to pop out as Figure 
elements, and as a result be quickly and easily detected. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Appelle, S. (1972). "Perception and 
discrimination as a function of stimulus 
orientation: The "oblique effect" in man 
and animals." Psychological Bulletin 
78(4): 266-278.  
Latto, R., D. Brain, et al. (2000). "An 
oblique effect in aesthetics: Homage to 
Mondrian (1872-1944)." Perception 
29(8): 981-987.  
Nothdurft, H. C. (1991). "Texture 
segmentation and pop-out from 
orientation contrast." Vision Research 
31(6): 1073-1078.  
http://www.ploson
e.org/article/info:d
oi/10.1371/journal
.pone.0002256 
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20 Weapon focus 
Victims of armed crimes are often able to very accurately describe what 
the weapon looked like, but seem to know relatively little about other 
aspects of the scene.   
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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21 Figure-ground 
relationship 
In patterns, some elements are perceived as Figures (objects of focus); 
others are ground (the rest of the perceptual field). There are some cues 
to separate the Figures from the grounds: 
1 The Figure has a definite shape, whereas the ground is shapeless. 
2 The ground continues behind the Figure. 
3 The Figure seems closer with a clear location in space, whereas the 
ground seems farther away and has no clear location in space. 
4 Elements below a horizon line are more likely to be perceived as 
Figures, whereas elements above a horizon line are more likely to 
be perceived as ground.  
5 Elements in the lower regions of a design are more likely to be 
perceived as Figures, whereas elements in the upper regions are 
more likely to be perceived as ground. 
Once the Figure and the ground of a composition are clear, the 
relationship is sTable; the Figure element receives more attention and is 
better remembered than the ground.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Beardslee, D. C. and M. Wertheimer 
(1958). Readings in perception, Van 
Nostrand.  
Vecera, S. P., E. K. Vogel, et al. (2002). 
"Lower region: A new cue for Figure-
ground assignment." Journal of 
Experimental Psychology-General, v. 
131(2), p. 194-205.  
http://daphne.palo
mar.edu/design/fa
ndg.html 
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22 Consistency 
The usability of a system is improved when similar parts are expressed 
in similar ways. There are four kinds of consistency: 
Aesthetic consistency 
 It refers to the consistency of style and appearance, such as a company 
logo. 
Functional consistency 
It refers to the consistency of meaning and action, such as a traffic light 
that shows a yellow light before going to red. 
Internal consistency 
It refers to consistency with other elements in the system, such as signs 
in a park that are consistent with one another. 
External consistency 
It refers to consistency with other elements in the environment, such as 
emergency alarms that are consistent across different systems in a 
control room.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
 
http://www.sqa.or
g.uk/e-
learning/UID01C
D/page_36.htm 
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23 Good continuation 
It describes that elements arranged in a straight line or a smooth curve 
are perceived as a group, and are interpreted as being more related than 
elements not on that line or curve. 
 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Kosslyn, S. M. (1994). Elements of graph 
design, W.H. Freeman.  
Liu, Z. L., D. W. Jacobs, et al. (1999). 
"The role of convexity in perceptual 
completion: beyond good continuation." 
Vision Research 39(25): 4244-4257.  
http://psychclassic
s.yorku.ca/Werthe
imer/Forms/forms
.htm 
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24 Uniform 
connectedness 
Elements that are connected by uniform visual properties, such as 
colour, perceived to be more related than elements that are not 
connected. There are two strategies for applying this principle in design: 
Common regions 
They are formed when edges come together and bound a visual area, 
grouping the elements within the region, such as software and remote 
control. 
Connecting lines  
They are formed when an explicit line joins elements, grouping the 
connected elements. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Palmer, S. and I. Rock (1994). 
"Rethinking Perceptual Organization - the 
Role of Uniform Connectedness." 
Psychonomic Bulletin & Review 1(1): 29-
55.  
http://kevinchiu.or
g/uw/hci/gestalt/in
dex.html 
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25 Proximity 
Elements that are close together are perceived to be more related than 
elements that are farther apart. It can reduce the complexity of designs 
and reinforces the relatedness of the elements. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Koffka, K. (1999). Principles of Gestalt 
Psychology, Routledge.  
 
http://psychclassic
s.yorku.ca/Werthe
imer/Forms/forms
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26 Similarity 
Elements that are similar are perceived to be more related than elements 
that are dissimilar. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Ellis, W. D. (1999). A Source Book of 
Gestalt Psychology, Routledge.  
Koffka, K. (1999). Principles of Gestalt 
Psychology, Routledge.  
http://psychclassic
s.yorku.ca/Werthe
imer/Forms/forms
.htm 
Elements , similar, 
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27 Motivation losses 
Individuals in a group contribute less effort than they do when working 
alone on the same task.  
Motivation losses have several forms: 
1. Social loafing effects: unintentional reduction of work 
motivation and effort when working collectively. 
2. Free-riding effects: intentional reduction of effort if a person‟s 
contribution is seen to be unnecessary for the group succeed. 
3. Sucker effects: intentional withdrawal of effort if person 
realize that a capable team partner is free-riding.  
Wegge, J. and S. A. Haslam (2005). 
Improving work motivation and 
performance in brainstorming groups: 
The effects of three group goal-setting 
strategies. European Journal of Work and 
Organisational Psychology 14(4): 400-
430.  
http://en.wikipedi
a.org/wiki/Social_
loafing 
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28 Expectation effect 
A phenomenon in which perception and behaviour changes as a result of 
personal expectations or the expectations of others. Generally, when 
people are aware of a probable or desired outcome, their perceptions 
and behaviour may be affected in the following six ways: 
Halo effect 
Employers rate the performance of certain employees more highly than 
others based on their overall positive impression of those employees. 
Hawthorne effect 
Employees are more productive based on their belief that changes made 
to the environment will increase productivity. 
Pygmalion effect 
Students perform better or worse based on the expectations of their 
teachers. 
Placebo effect 
Patients experience treatment effects based on their belief that a 
treatment will work. 
Rosenthal effect 
Teachers treat students differently based on their expectations of how 
students will perform. 
Demand characteristics 
Participants in an experiment or interview provide responses and act in 
ways that they believe are expected by the experimenter or interviewer. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Mayo, E. and K. Thompson (2003). The 
human problems of an industrial 
civilization, Routledge.  
Harrington, A. (1999). The placebo effect: 
an interdisciplinary exploration, Harvard 
University Press.  
http://www.slides
hare.net/twfinn/th
e-expectation-
effect 
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29 Motivation gain 
Group contexts provide specific stimuli that can motivate individuals to 
exert more effort than they do when working on the same task 
individually.  
Wegge, J. and S. A. Haslam (2005). 
Improving work motivation and 
performance in brainstorming groups: 
The effects of three group goal-setting 
strategies. European Journal of Work and 
Organisational Psychology 14(4): 400-
430. 
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30 Kamin‟s blocking 
effect 
The conditioning of a stimulus could be blocked if the stimulus was 
reinforced in compound with a previously conditioned stimulus. 
Nijstad, B. A., W. Stroebe, et al. (1999). 
"Persistence of brainstorming groups: 
How do people know when to stop?" 
Journal of Experimental Social 
Psychology 35(2): 165-185. 
http://en.wikipedi
a.org/wiki/Blocki
ng_effect 
stimulus , blocked, 
reinforced , 
compound  
31 Evaluation 
apprehension 
Group members are concerned about the other group members‟ 
appraisal of their ideas, which cause the poor performance of the group 
participants. 
Wegge, J. and S. A. Haslam (2005). 
Improving work motivation and 
performance in brainstorming groups: 
The effects of three group goal-setting 
strategies. European Journal of Work and 
Organisational Psychology 14(4): 400-
430. 
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32 Social facilitation 
Individually-identifiable participants‟ performance can be greater than 
the output from subjects working alone. 
Adrian, F. (2000) The Brainstorming 
Myth. Business Strategy Review, v 11(4), 
pp.21-28(8).  
http://en.wikipedi
a.org/wiki/Social_
facilitation 
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33 Performance load 
It is a phenomenon that the greater the effect to accomplish a task, the 
less likely the task will be accomplished successfully. It has two types of 
loads: 
Cognitive load 
It is the amount of mental activity-perception, memory, problem 
solving- required to accomplish a goal. 
Kinematic load 
It is the degree of physical activity-number of steps or movements, or 
the amount of force- required to accomplish a goal. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Sweller, J. (1988). "Cognitive Load 
during Problem-Solving - Effects on 
Learning." Cognitive Science 12(2): 257-
285.  
Miller, G. A. (1956), "The magical 
number seven, plus or minus two: Some 
limits on our capacity for processing 
information" Psychological 
Review 63 (2): 343–35  
Zipf, G. K. (1965). Human behaviour and 
the principle of least effort: an 
introduction to human ecology, Hafner.  
Frustrations of pushbutton world  
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34 Overjustification 
effect 
When people explains own behaviour, salient situational causes are 
emphasised much heavier than personal causes. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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35 Form follows  
function 
It means that beauty in design results from purity of function. It is 
interpreted in two ways: 
Descriptive interpretation 
In nature, form follows function. Comparing with aesthetic aspect of 
design, functional criteria present clearer and more objective criteria for 
the judgement of quality.   
Prescriptive interpretation 
In nature, aesthetic considerations in design should be secondary to 
functional considerations. When time and resource are limited, design 
tradeoffs should be based on how the success is defined. In certain 
circumstance, primary aesthetic considerations will be sacrificed, and in 
others, primarily functional ones will be.   
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Blake, P. (1977). Form follows fiasco: 
why modern architecture hasn't worked, 
Little, Brown.  
 
http://desktoppub.
about.com/od/gra
phicdesign/a/form
function.htm 
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36 Fitts‟ law 
It describe that the time required to move to a target is a function of the 
target size and distance to the target. 
The smaller and more distance a target are; the longer time it will take to 
move to a resting position over the target.  
The equation is:  
 MT=a+blog2(1+d/s)  
Where MT = movement time to a target; a = 0.23; b = 0.166; d = 
distance between pointing device and target; and s = size of the target.  
It is applicable for rapid, pointing movements, not for more continuous 
movements.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Fitts, P. M. (1992). "The Information 
Capacity of the Human Motor System in 
Controlling the Amplitude of Movement 
(Reprinted from Journal Experimental-
Psychology, Vol 47, Pg 381-391, 1954)." 
Journal of Experimental Psychology-
General 121(3): 262-269.  
http://www.cs.um
d.edu/class/fall20
02/cmsc838s/tichi
/fitts.html 
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37 Framing 
Manipulating the way of information that presented in images, words, 
and context to influence decision making and judgement. It is 
commonly used in news media, politicians, propagandists, and 
advertisers. There are two types: 
Positive frames 
They tend to elicit positive feelings, and result in proactive and risk-
seeking behaviours. 
Negative frames 
They tend to elicit negative feelings, resulting in reactive and risk-
avoiding behaviours. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
 Tversky, A., and Kahneman, D., The 
framing of decisions and the psychology 
of choice Science 30 January 
1981: 211 (4481), 453-458. 
Plous, S. (1993). The psychology of 
judgment and decision making, McGraw-
Hill.  
 
http://framing.beh
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38 Open system 
theory 
In the system, information, energy or material transfers into or out of the 
system boundary. 
Bolin, A. U. and G. A. Neuman (2006). 
“Personality, process, and performance in 
interactive brainstorming groups.” 
Journal of Business and Psychology 
20(4): 565-585. 
http://en.wikipedi
a.org/wiki/Open_s
ystem_(systems_t
heory) 
information, 
energy ,material, 
transfers, system, 
boundary. 
39 Isolated system 
theory 
In the system, there is no information, energy or material transformation 
into or out of the system boundary. 
Bolin, A. U. and G. A. Neuman (2006). 
“Personality, process, and performance in 
interactive brainstorming groups.” 
Journal of Business and Psychology 
20(4): 565-585. 
http://en.wikipedi
a.org/wiki/Isolate
d_system 
information, 
energy ,material, 
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40 
Input-process-
output model (IPO) 
 
 
 
Input: the data flowing into the system from outside. The data can be 
information, energy, or material  
Processing: the action of manipulating the input into a more useful form 
Output: the data flowing out of the system. The data can be information, 
energy, or material 
Storage: where the data is holding for use at a later date 
Bolin, A. U. and G. A. Neuman (2006). 
“Personality, process, and performance in 
interactive brainstorming groups.” 
Journal of Business and Psychology 
20(4): 565-585. 
http://www.teach-
ict.com/as_a2/topi
cs/input%20proce
ssing%20output/i
nput_process_out
put/ 
Input, data, 
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41 
Garbage in-
garbage out 
(GIGO) 
The quality of system output is dependent on the quality of system 
input. It is commonly used in domains such as business, education, 
nutrition, and engineering. The GI has two types of problems: 
Problem of type 
It occurs when the incorrect type of input is fed into a system. 
Problem of quality 
It occurs when the correct type of input is fed into a system, but with 
defects. 
In order to control GO, the best way is to minimise GI. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
 
http://www.catb.o
rg/jargon/html/G/
GIGO.html 
quality, output , input, 
business, education, 
nutrition, engineering, 
Problem , incorrect, 
defects, Control, 
minimise  
42 Golden ratio 
A ratio within the elements of a form, such as height to width, 
approximating 0.618. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
http://www.yorku.
ca/christo/papers/
goldrev3.htm 
ratio , form, height 
width, 0.618, 
43 Fibonacci sequence 
A sequence of numbers in each number is the sum of the preceding two. 
This sequence is commonly found in natural forms. It is used in 
considering the development of interesting compositions, geometric 
patterns, and organic motifs and contexts, especially when they involve 
rhythms and harmonies among multiple elements. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Ghyka, M. (2004). The Geometry of Art 
and Life 1946, Kessinger Publishing.  
Hambidge, J. (1967). The elements of 
dynamic symmetry, Dover Publications.  
Corbusier, L. (2000). The modulor: a 
harmonious measure to the human scale, 
universally applicable to architecture and 
mechanics, Birkhäuser.  
 
sequence ,numbers , 
sum, Fibonacci  
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44 Signal-to-noise 
ratio 
The ratio of relevant to irrelevant information in a display. The highest 
possible signal-to-noise ratio is desirable in design. Ideal situation is to 
maximize signal and minimize noise. 
Maximize signal means clearly communicating information with 
minimal degradation. 
Minimizing noise means removing unnecessary elements, and 
minimizing the expression of necessary elements. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Tanner, J. W. P. and J. A. Swets (1954). 
"A decision-making theory of visual 
detection." Psychological Review 61(6): 
401-409.  
Tufte, E. R. (1983). The visual display of 
quantitative information, Graphics Press.  
http://emalwww.e
ngin.umich.edu/co
urses/SEM_lectur
eCW/SEM_Signal
Noise.html 
ratio , relevant , 
information , display, 
signal-to-noise, 
design, 
communicating, 
information , 
degradation, elements 
45 Hick‟s law 
The time it takes to make a decision increases as the number of 
alternatives increases. The equation is: 
 RT=a+blog2(n)
2
RT log ( )a b n   
Where RT = response time, a = the total time that is not involved with 
decision making, b = 0.155 for humans, n = the number of equally 
probable alternatives.  
It can be used to estimate how long it will take for people to make a 
decision when presented with multiple choices.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
http://www.catb.o
rg/~esr/writings/ta
ouu/html/ch04s03
.html 
time, decision , 
alternatives  
46 Expectancy 
valence theory 
The motivation of a person will decide to behave or act in a specific 
behaviour is determined by the desirability of the outcome of the 
selected behaviour.  
Nijstad, B. A., W. Stroebe, et al. (1999). 
"Persistence of brainstorming groups: 
How do people know when to stop?" 
Journal of Experimental Social 
Psychology 35(2): 165-185.  
http://en.wikipedi
a.org/wiki/Expect
ancy_theory 
motivation , person , 
behaviour , 
desirability , outcome  
47 Weber – Fechner 
law 
The larger the value of the standard stimulus, the less sensitive the 
sensory system is to changes in intensity. The intensity by which the 
standard must be increased to be noticed is proportional to the intensity 
of the standard. 
Weber fraction for various sensory: 
Light intensity: 8% 
Sound intensity: 5% 
Sound frequency: 1% 
Odour concentration: 15% 
Salt concentration: 20% 
Lifted weights: 2% 
Electric shock: 1% 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
stimulus, 
sensitive ,sensory, 
intensity, 
48 Ceiling effect 
1 The level at which an independent variable no longer has an effect 
on a dependent variable. Such as in treatment, a kind of drugs may 
have no further effect on pain above a particular dosage level. 
2 The level above which variance in an independent variable is no 
longer measured or estimated. Such as in data-gathering, 
respondents having the highest level of income are grouped 
together.  
Nijstad, B. A., W. Stroebe, et al. (1999). 
"Persistence of brainstorming groups: 
How do people know when to stop?" 
Journal of Experimental Social 
Psychology 35(2): 165-185.  
http://en.wikipedi
a.org/wiki/Ceiling
_effect 
independent , 
variable, effect , 
treatment, variance , 
data-gathering,  
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49 Stevens‟ Law 
Psychological magnitude (ψ) is a power function of physical magnitude 
(ɸ).  
Their relation is:  
ψ ɸr 
where r is an exponent unique to each sensory modality.  
If r<1, increasing levels of physical intensity lead to progressively 
smaller increases in sensation.  
If r=1, increasing levels of physical intensity lead to progressively the 
same increases in sensation. 
If r>1, increasing levels of physical intensity lead to progressively 
greater increases in sensation  
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Psychological , 
magnitude , function, 
physical , intensity , 
sensation 
50 
Uncertainty 
principle 
(Heisenberg‟s 
uncertainty) 
The act of measuring certain sensitive variables in a system can alter 
them, and confound the accuracy of the measurement.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
 
http://www.halexa
ndria.org/dward15
9.htm 
measuring , sensitive, 
variables , accuracy , 
measurement  
51 Five hat racks 
They are five ways to organize information in design:  
Category 
It refers to organize by similarity or relatedness, such as the areas of 
study in a college catalogue and the types of retail merchandise on a 
web site. 
Time 
It refers to organize by a chronological sequence, such as historical 
timelines and TV guide schedules. 
Location  
It refers to organize by a geographical or spatial sequence, such as 
emergency exit maps and travel guides. 
Alphabet 
It refers to organize by an alphabetical sequence, such as dictionaries 
and encyclopaedias. 
Continuum 
It refers to organize by magnitude (lowest to highest, worst to best), 
such as baseball batting averages and internet search engine results. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Wurman, R. S. (1989). Information 
anxiety, Doubleday.  
Wurman, R. S., L. Leifer, et al. (2001). 
Information anxiety 2, Que.  
http://usabilityfric
tion.com/2009/09/
29/five-hat-racks/ 
information , design , 
Category, Time, 
Location , Alphabet, 
Continuum 
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52 Hierarchy 
It is a structure for visualizing and understanding complexity. In the 
system, super ordinate elements are referred to as parent elements, and 
subordinate elements as child elements. There are three basic 
hierarchical structures:  
Trees 
Child elements are located below or to the right of the parent elements, 
or through the use of other strategies indicating hierarchy. It can be used 
to represent overviews or high-level maps of system organizations. 
Nests 
Child elements are visually contained within parent elements. It can be 
used to group information and functions and to represent simple logical 
relationships. 
Stairs 
Child elements are stacked below and to the right of parent elements. It 
can be used to represent large system structures that change over time. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Simon, H. A. (1962) The Architecture of 
Complexity. Proceedings of the American 
Philosophical Society. V. 106(6), pp. 467-
482.   
Robertson, G. G., Mackinlay, J. D., Card, 
S. K. (1991) Cone Trees: animated 3D 
visualizations of hierarchical information. 
Proceedings of the ACM Conference on 
Human Factors in Computing Systems 
(CHI '91); 1991 April 27 - May 2; New 
Orleans; LA. NY: ACM; 1991; 189-194. 
http://www.nd.edu
/~alb/Publication0
6/104%20Hierarc
hical%20organiza
tion%20in%20co
mplex%20networ
ks/Hierarchical%2
0organization%20
in%20complex%2
0networks.pdf 
structure , 
visualizing , 
understanding, 
complexity, elements, 
Trees, Nests, Stairs  
53 Layering 
It is the process of organising information into related groupings in 
order to manager complexity and reinforce relationships in the 
information. There two basic types: 
Two-dimensional layering 
It involves separating information into layers such that only one layer of 
information can be viewed at a time. It has two kinds. Linear layers are 
useful when information has clear beginning, middle, and end. And are 
revealed successively like pages in a book. Nonlinear layers are useful 
when reinforcing relationships between the layers 
Three-dimensional layering 
It involves separating information into layers such that multiple layers 
of information can be viewed at a time. It has two kinds:  
 Opaque layers are useful when additional information about a 
particular item is desired without switching contexts.  
 Transparent layers are useful whenever layers of information 
combine to illustrate concepts or highlight relationships. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Mok, C. (1996). Designing business: 
multiple media, multiple disciplines, 
Adobe Press.  
Tufte, E. R. (1990). Envisioning 
information, Graphics Press.  
 
process , organising, 
information , 
groupings , manager, 
complexity , 
reinforce, Two-
dimensional , 2D, 
Three-dimensional , 
3D, 
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54 Highlighting 
It is used to bring attention to an area of text or image. There are some 
guidelines address the benefits and liabilities of highlighting: 
General 
Highlight no more than 10 percent of the visible design; highlighting 
effects are diluted as the percentage increases.  
Bold, italic, and underlining 
They can be used for titles, labels, captions and short word sequences 
when elements need to be subtly differentiated.  
Typeface 
Uppercase text in short word sequence is easily scanned, and thus can 
be advantageous when applied to labels and keywords within a busy 
display.  
Colour 
Highlight using a few desaturated colours that are clearly distinct from 
one another. 
Inversing 
It works well with text, but may not work as well with icons or shapes. 
Blinking 
Elements are flashing between two states. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Maguire, M. C. (1985). "A Review of 
Human-Factors Guidelines and 
Techniques for the Design of Graphical 
Human-Computer Interfaces." Computers 
& Graphics 9(3): 221-235.  
Williams, R. (2003). The Mac is not a 
typewriter, Peachpit.  
http://www.comp
uterhope.com/jarg
on/h/highligh.htm 
attention , text ,image, 
General, Highlight , 
Bold, italic, 
underlining, Typeface, 
Colour, Inversing, 
Blinking 
55 Modularity 
A method of managing system complexity that involves dividing large 
systems into multiple, smaller self-contained systems. 
 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Baldwin, C. Y. and K. B. Clark (2000). 
Design Rules: The power of modularity, 
MIT Press.  
http://www.faqs.o
rg/docs/artu/modu
laritychapter.html 
managing, 
system ,complexity ,d
ividing , multiple, , 
self-contained  
56 Progressive 
disclosure 
A strategy for managing information complexity in which only 
necessary or requested information is displayed at any given time. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport. 
( 
 
http://www.interac
tion-
design.org/encycl
opedia/progressiv
e_disclosure.html 
information, 
complexity  
57 Mapping 
A relationship between controls and their movements or effects. If the 
effect corresponds to expectation, the mapping is considered to be good 
or natural; if not, the mapping is poor. Good mapping results in greater 
ease of use. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Norman, D. A. (2002). The design of 
everyday things, Basic Books.  
Gattis, M. (2003). Spatial Schemas and 
Abstract Thought, MIT Press.  
 
relationship , controls, 
movements, effects, 
expectation,  
58 Temporal theory 
A sound wave causes the entire basilar membrane to vibrate, and that 
the rate of vibration determines the rate of impulses of nerve fibres in 
the auditory nerve. This theory propose that pitch depends on how 
sound varies with time. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
sound , wave , vibrate, 
rate , vibration , 
impulses, nerve, 
fibres, auditory, 
pitch , time 
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59 Mnemonic device 
It is a method of reorganising information to make the information 
easier to remember. There are four examples: 
First-letter 
The first letter of items to be recalled are used to form the first letters in 
a meaningful phrase, or combined to form an acronym, such as AIDS. 
Keyword 
A word that is similar to, or a subset of, a word or phrase that is linked 
to a familiar bridging image to aid in recall.  
Rhyme 
One or more words in a phrase are linked to other words in the phrase 
through rhyming schemes to aid in recall. 
Feature-name 
A word that is related to one or more features of something that is linked 
to a familiar bridging image to aid in recall. 
It is important to consider mnemonic device when developing corporate 
and product identities, slogans and logos for advertising campaigns, 
instructional materials dealing with rote information and complex 
procedures and other contexts in which ease of recall in critical to 
success.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Yates, F. A. (1999). The art of memory, 
Routledge.  
http://www.self-
improvement-
advice.org/mnemo
nic-devices.html 
information, 
remember, First-letter, 
Keyword, Rhyme, 
Feature-name 
60 Interference effect 
It is a phenomenon that mental processing is slower and less accurate 
when two or more perceptual or cognitive processes are in conflict. 
There are four types: 
Stroop interference 
An irrelevant aspect of a stimulus triggers a mental process that 
interferes with processes involving a relevant aspect of the stimulus.  
Garner interference 
An irrelevant variation of a stimulus triggers a mental process that 
interferes with processes involving a relevant aspect of the stimulus. 
Proactive interference 
Existing memories interfere with learning. For example in learning a 
new language, errors are often made when people try to apply the 
grammar of their native language to the new language. 
Retroactive interference 
Learning interferes with existing memories.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Stroop, J. R. (1992). "Studies of 
Interference in Serial Verbal Reactions, 
Journal of Experimental Psychology-
General 121(1): 15-23.  
Pomerant.Jr and W. R. Garner (1973). 
"Stimulus Configuration in Selective 
Attention Tasks." Perception & 
Psychophysics 14(3): 565-569.  
Melton, A. W., E. Martin, et al. (1972). 
Coding processes in human memory, V. H. 
Winston; distributed by Halsted Press, 
New York.  
http://www.vias.or
g/physics/bk3_04
_04.html 
phenomenon , 
mental , processing , 
perceptual , cognitive, 
processes ,conflict, 
Stroop, interference, 
Garner ,Proactive , 
Retroactive  
61 Weakest link 
The deliberate use of a weak element that will fail in order to protect 
other elements in the system from damage. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
 
Weakest link 
deliberate , weak, 
element, fail ,protect , 
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62 Prototyping 
Using simplified and incomplete models of a design to explore ideas, 
elaborate requirements, refine specifications, and test functionality. 
There are three basic kinds: 
Concept prototyping 
It is used to explore preliminary design ideas. For example, concept 
sketches and storyboards are used to develop the appearance and 
personality of characters in animated films well before the costly 
process of animation and rendering take place. 
Throwaway prototyping  
It is used to collect information about the functionality and performance 
of certain aspects of a system. For example, models of new automobile 
designs are used to in wind tunnels to deter understand and improve the 
aerodynamics of their form. 
Evolutionary prototyping 
It is useful when many design specifications are uncertain or changing. 
The initial prototype is developed, evaluated, and refined continuously 
until it evolves into the final system. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Preece, J. and Y. Rogers (1994). Human-
computer interaction, Addison-Wesley 
Pub. Co.  
Kelley, T. and J. Littman (2001). The art 
of innovation: lessons in creativity from 
IDEO, America's leading design firm, 
Currency/ Doubleday.  
Schrage, M. (2000). Serious play: how 
the world's best companies simulate to 
innovate, Harvard Business School Press.  
http://www.umsl.e
du/~sauterv/analy
sis/prototyping/pr
oto.html 
models , design , 
Concept, prototyping, 
Throwaway, 
Evolutionary , system  
63 Redundancy 
Using more elements than necessary to maintain the performance of a 
system in the event of failure of one or more of the elements. There are 
four kinds: 
Diverse redundancy 
Using multiple elements of different types 
Homogenous redundancy 
Using elements of a single type 
Active redundancy 
It is the application of redundant elements at all times 
Passive redundancy 
It is the application of redundant elements only when an active element 
fails. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Levy, M. and M. Salvadori (2002). Why 
buildings fall down: how structures fail, 
W.W. Norton.  
http://www.acas.o
rg.uk/index.aspx?
articleid=1611 
maintain, 
performance ,system , 
failure , Diverse, 
redundancy, 
Homogenous ,Active, 
Passive , fails 
64 Iteration 
It is a process of repeating a set of operations until a specific result is 
achieved. It has two basic forms: 
Design iteration 
The expected iteration that occurs when exploring, testing, and refining 
design concepts. 
Development iteration 
The unexpected iteration that occurs when building a product.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Petroski, H. (1994). The evolution of 
useful things, Vintage Books.  
Ulrich, K. T. and S. D. Eppinger (2004). 
Product design and development, 
McGraw-Hill/Irwin.  
Ballard, G. (2000) Positive vs. negative 
iteration in design, proceedings of the 
eighth annual conference of the 
international group for lean construction.  
http://www.extre
meprogramming.o
rg/rules/iterationpl
anning.html 
process , operations , 
Design, iteration, 
Development, 
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65 Ockham‟s razor 
It is a phenomenon that the simplest design should be selected when a 
choice is given between functionality equivalent designs.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
http://edu-
observatory.org/p
hysics-
faq/General/occa
m.html 
simplest, design , 
selected ,choice , 
functionality 
66 Entry point 
It is a point of physical or attentional entry into a design. This initial 
impression of a system or environment influences subsequent 
perceptions and attitudes, which then affects the quality of subsequent 
interactions. There are three key points of entry point: 
Minimal barriers 
Do not use any unnecessary elements to encumber the entry point. 
Points of prospect 
Entry points should allow people to become oriented and clearly survey 
available options. For example, store entrances provide a clear view of 
store layout and aisle signs, or internet pages provide good orientation 
cues. 
Progressive lures 
Lure should be used to attract and pull people through the entry point. 
For example, it can be compelling headlines from the front pages of a 
newspaper; greeters at restaurants, or the display of popular products or 
destinations. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Underhill, P. (2008). Why We Buy: The 
Science of Shopping--Updated and 
Revised for the Internet, the Global 
Consumer, and Beyond, Simon & 
Schuster.  
Rutes, W. A., R. H. Penner, et al. (2001). 
Hotel design: planning and development, 
Architectural Press.  
 
http://www.poynt
erextra.org/et/i.ht
m 
point , physical , 
attentional ,entry , 
design, impression, 
system , 
environment ,percepti
ons ,attitudes, 
interactions, 
Minimal ,barriers, 
Points , prospect, 
Progressive, lures 
67 Rule of thirds 
It is applied by dividing a medium into thirds both vertically and 
horizontally, creating an invisible grid of nine rectangles and four 
intersections. The primary element within a design is then positioned on 
one intersection of the grid. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Goldstein, N. (1989). Design and 
composition, Prentice-Hall.  
http://www.howto
photography.org/t
he-rule-of-thirds/ 
dividing, medium , 
thirds  
68 Satisficing 
It is often preferable to settle for a satisfactory solution rather than 
pursue an optimal solution. Under two conditions, the principle should 
be considered: 
Complex problems 
The problems have a large number of interacting variables and 
unknowns. 
Time-limited problems 
The problems have time frames that do not permit adequate analysis or 
development of an optimal solution. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Simon, H. A. (1996). The sciences of the 
artificial, MIT Press.  
Janis, I. L. (1989). Crucial decisions: 
leadership in policymaking and crisis 
management, Free Press.  
http://www.interac
tion-
design.org/encycl
opedia/satisficing.
html 
preferable, 
satisfactory, solution , 
optimal, Complex , 
Time , problems 
69 Place theory 
Each specific place along the basilar membrane will lead to a particular 
pitch sensation. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
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70 Mimicry 
The act of copying properties of familiar objects, organisms, or 
environments in order to realize specific benefits afforded by those 
properties. There are three basic types: 
Surface mimicry 
Making a design looks like something else. 
Behavioural  mimicry 
Making a design acts like something else. 
Functional mimicry 
Making a design works like something else. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Norman, D. A. (2002). The design of 
everyday things, Basic Books.  
Breazeal, C. L. (2004). Designing 
Sociable Robots, MIT Press.  
Benyus, J. M. (2002). Biomimicry: 
innovation inspired by nature, Perennial.  
Vogel, S. and K. K. Davis (2008). Cats' 
Paws and Catapults: Mechanical Worlds 
of Nature and People, Paw Prints.  
http://www.icr.org
/article/mimicry/ 
copying, familiar, 
objects, organisms, 
environments, 
benefits ,properties, 
Surface, mimicry, 
design, Behavioural, 
Functional  
71 Structural forms 
They are assemblages of elements used to support a load or contain and 
protect things. There are three types: 
Mass structures 
Materials are put together to form a solid structure. Their strength is a 
function of the weight and hardness of the materials. 
Frame structures 
Struts joined to form a framework. Their strength is a function of the 
strength of the elements and joints and their organization. 
Shell structures 
A thin material that wraps around to contain a volume. They maintain 
their form and support loads without a frame or solid mass inside.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
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72 Symmetry 
 It describes a property of visual equivalence among elements in a form. 
There are three types: 
Reflection symmetry 
It refers to the mirroring of an equivalent element around a central axis 
or mirror line. 
Rotation symmetry 
It refers to the rotation of equivalent elements around a common centre. 
Translation symmetry 
It refers to the location of equivalent elements in different areas of 
space. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Hambidge, J. (1967). The elements of 
dynamic symmetry, Dover Publications.  
Stevens, P. S. (1981). Handbook of 
regular patterns: an introduction to 
symmetry in two dimensions, MIT Press.  
Hatfield, G. and W. Epstein (1985). "The 
Status of the Minimum Principle in the 
Theoretical-Analysis of Visual-
Perception." Psychological Bulletin 
97(2): 155-186.  
DeBruine, L. M. (2002). "Facial 
resemblance enhances trust." Proceedings 
of the Royal Society of London. Series B: 
Biological Sciences 269(1498): 1307-
1312.  
http://plus.maths.o
rg/content/symme
try-rules 
visual, equivalence, 
elements , form, 
Reflection, symmetry, 
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73 Shaping 
It is used to teach a desired behaviour by reinforcing increasingly 
accurate approximation of the behaviour. It can break a complex 
behaviour into smaller, simpler sub-behaviours, and then taught one by 
one. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Skinner, B. F. (1938). The behaviour of 
organisms: an experimental analysis, D. 
Appleton-Century Company, 
incorporated.  
Dorigo, M. and M. Colombetti (1998). 
Robot shaping: an experiment in 
behaviour engineering, MIT Press.  
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74 Operant 
conditioning 
It is a technique used to modify behaviour by reinforcing desired 
behaviours and ignoring or punishing undesired behaviour. There are 
three basic kinds: 
Positive reinforcement 
It increases the probability of behaviour by associating the behaviour 
with a positive condition. 
Negative reinforcement 
The removal of a negative condition increases the probability of the 
associating behaviour. 
Punishment 
Using a negative condition to decrease the probability of the associating 
behaviour. 
It can be used in animal training, instructional design, video game 
design, incentive programs, gambling devices, counselling, and 
behavioural therapy.   
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Skinner, B. F. (1938). The behaviour of 
organisms: an experimental analysis, D. 
Appleton-Century Company, 
incorporated.  
Pryor, K. (2002). Don't Shoot the Dog!: 
The New Art of Teaching and Training, 
Ringpress Books Ltd.  
http://www.edpsy
cinteractive.org/to
pics/behsys/opera
nt.html 
technique , behaviour, 
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75 Recognition over 
recall 
Memory for recognizing things is better than memory for recalling 
things. Recognition tasks provide memory cues that facilitate searching 
through memory. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Dix, A., J. Finlay, et al. (2004). Human-
computer interaction, Pearson/Prentice 
Hall.  
Preece, J. and Y. Rogers (1994). Human-
computer interaction, Addison-Wesley 
Pub. Co.  
Hoyer, W. D. and S. P. Brown (1990). 
"Effects of Brand Awareness on Choice 
for a Common, Repeat-Purchase 
Product." The Journal of Consumer 
Research 17(2): 141-148.  
http://www.brainr
ules.net/pdf/John
Medina_PsychTi
mes_June08.pdf 
 
Memory , 
recognizing, recalling 
things, search, 
76 Profound 
adaptation effect 
It is a phenomenon that if a person holds a friend‟s hand for several 
minutes without moving, he or she will become insensitive to its 
pressure and ceases to feel it.  
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
phenomenon , person, 
hand, insensitive , 
pressure , feel 
 255 
 
77 von Restorff effect 
It is a phenomenon of memory in which noticeably different things are 
more likely to be recalled than common things. 
It happens in two situations: 
Differences in context 
The principle occurs when something is noticeably different from other 
things in the same set or context 
Differences in experience 
The principle occurs when something is noticeably different from past 
experience.  
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
http://webs.woffor
d.edu/boppkl/cour
seFiles/Cognition/
CogLabPPT/Knig
ht_VonRestorff.pd
f 
phenomenon ,memory
, Differences , 
context , experience 
78 Shadowing People are consciously unaware of unattended information. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
unaware , 
unattended ,informati
on 
79 Inattention 
blindness 
Observers attended to one or some specific stimuli and are often 
oblivious to other stimuli in the environment. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
Observers, stimuli , 
oblivious , stimuli , 
environment 
80 Illusory 
conjunction 
In an experiment, an observer is shown very briefly a stimulus, such as a 
small red circle, a large green square, and a medium-size blue triangle, 
and asked to report what they saw. The observer is typically able to 
report the three shapes and the three colours, but often incorrectly 
reports which colour went with which shape. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
experiment, observer , 
stimulus, 
incorrectly ,reports 
colour, shape 
81 Feature integration 
theory 
In a first, preattentive stage, primitive features such as shape and colour 
are perceived while in the second, attentive stage, focused attention is 
used to properly „glue‟ the features together into an integrated whole. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 
preattentive, stage, 
primitive, features , 
shape , colour , 
attentive, 
82 Visibility 
The usability of a system is improved when its status and methods of 
use are clearly visible. It must be considered in complex system design. 
Lidwell, W., K. Holden, et al. (2003). 
Universal principles of design, Rockport.  
Norman, D. A. (2002). The design of 
everyday things, Basic Books.  
 
usability , system , 
complex, design 
83 Sound shadow 
A sound originating on our right side will be heard as more intense by 
our right ear than by our left ear. 
Nolen-Hoeksema, S., B. L. Fredrickson, 
et al. (2009). Atkinson & Hilgard's 
Introduction to Psychology, Cengage 
Learning. 
 sound , right , ear, left  
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Appendix III: Sketch ideas for Helmet design project 
# Description Sketches 
1 
Using hard shell to protect head 
from outside force;  
Using inside foam to absorb the 
impact energy;  
Using buckle to fasten helmet on 
top of the head;  
Using Endothermic reactions to 
absorb environment energy to 
decrease the inside temperature. 
At here, the reaction is between 
salt (ammonium) and H2O. The 
switch at the top controls the 
release speed of the salt.   
 
 
 
2 
Using hard shell to protect head 
from outside force;  
Using inside foam to absorb the 
impact energy;  
Using buckle to fasten helmet on 
top of the head;  
Using Thermal Conduction to 
absorb environment energy to 
decrease the inside temperature. 
At here, the ice bag inserts into 
the middle chamber of the 
helmet. When the ice changes 
from solid phase to liquid phase, 
the inside of the helmet could 
keep cooling. 
 
 
 
3 
Using hard shell to protect head 
from outside force;  
Using inside foam to absorb the 
impact energy;  
Using buckle to fasten helmet on 
top of the head;  
Using gas release to absorb 
environment energy to decrease 
the inside temperature. At here, 
the ethanol (C2H5OH) is fulfilled 
in the middle layer of the helmet. 
The concentration of the ethanol 
is under 25%. When the release 
holes open, the inside 
temperature will decrease. The 
speed could control by the 
number of the holes. 
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4 
Using hard shell to protect head 
from outside force;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Using cooling system to absorb 
environment energy to decrease 
the inside temperature. At here, 
the pump powers the liquid flow 
through the middle layer of the 
helmet. Ice bags cover a portion 
of the pipe to cool its inside 
liquid. Then cold liquid passes 
through the middle layer to 
absorb the environment energy.  
 
 
 
5 
Using hard shell to protect head 
from outside force;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Enlarge the front air intake holes. 
More air flows pass the inside of 
helmet to cool the skin 
temperature of drivers‟ head.  
 
 
 
6 
Using string pieces shell to 
protect head from outside force. 
The outside pieces are combined 
together and each piece is 
connected a string. When the 
outside impact reach the shell, the 
string will be compressed and 
generate repel force to offset the 
impact;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Using Thermal Conduction to 
absorb environment energy to 
decrease the inside temperature. 
At here, the ice bag inserts into 
the middle chamber of the 
helmet. When the ice changes 
from solid phase to liquid phase, 
the inside of the helmet could 
keep cooling. 
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7 
Using string pieces shell to 
protect head from outside force. 
The outside pieces are combined 
together and each piece is 
connected a string. When the 
outside impact reach the shell, the 
string will be compressed and 
generate repel force to offset the 
impact;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Using gas release to absorb 
environment energy to decrease 
the inside temperature. At here, 
the ethanol (C2H5OH) is fulfilled 
in the middle layer of the helmet. 
The concentration of the ethanol 
is under 25%. When the release 
holes open, the inside 
temperature will decrease. The 
speed could control by the 
number of the holes. 
 
8 
Using string pieces shell to 
protect head from outside force. 
The outside pieces are combined 
together and each piece is 
connected a string. When the 
outside impact reach the shell, the 
string will be compressed and 
generate repel force to offset the 
impact;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Using cooling system to absorb 
environment energy to decrease 
the inside temperature. At here, 
the pump powers the liquid flow 
through the middle layer of the 
helmet. Ice bags cover a portion 
of the pipe to cool its inside 
liquid. Then cold liquid passes 
through the middle layer to 
absorb the environment energy.  
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9 
Using string pieces shell to 
protect head from outside force. 
The outside pieces are combined 
together and each piece is 
connected a string. When the 
outside impact reach the shell, the 
string will be compressed and 
generate repel force to offset the 
impact;  
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head;  
Using Endothermic reactions to 
absorb environment energy to 
decrease the inside temperature. 
At here, the reaction is between 
salt (ammonium) and H2O. The 
switch at the top controls the 
release speed of the salt.   
 
10 
 
Using hard shell to protect head 
from outside force. Under the 
hard shell, many air or liquid 
cushions are placed. These 
cushions could alleviate the 
outside impact; 
Using inside foam to absorb the 
impact energy; 
Using buckle to fasten helmet on 
top of the head; 
Using Endothermic reactions to 
absorb environment energy to 
decrease the inside temperature. 
At here, the reaction is between 
salt (ammonium) and H2O. The 
switch at the top controls the 
release speed of the salt.   
 
 
11 
Using hard shell to protect head 
from outside force. Under the 
hard shell, many air or liquid 
cushions are placed. These 
cushions could alleviate the 
impact; 
Using inside foam to absorb the 
impact energy;  
Using buckle to fasten helmet on 
top of the head; 
Using Thermal Conduction to 
absorb environment energy to 
decrease the inside temperature. 
At here, the ice bag inserts into 
the middle chamber of the 
helmet. When the ice changes 
from solid phase to liquid phase, 
the inside of the helmet could 
keep cooling. 
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12 
Using hard shell to protect head 
from outside force. Under the 
hard shell, many air or liquid 
cushions are placed. These 
cushions could alleviate the 
impact.  
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using gas release to absorb 
environment energy to decrease 
the inside temperature. At here, 
the ethanol (C2H5OH) is fulfilled 
in the middle layer of the helmet. 
The concentration of the ethanol 
is under 25%. When the release 
holes open, the inside 
temperature will decrease. The 
speed could control by the 
number of the holes. 
 
13 
Using hard shell to protect head 
from outside force. Under the 
hard shell, many air or liquid 
cushions are placed. These 
cushions could alleviate the 
outside impact.  
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using cooling system to absorb 
environment energy to decrease 
the inside temperature. At here, 
the pump powers the liquid flow 
through the middle layer of the 
helmet. Ice bags cover a portion 
of the pipe to cool its inside 
liquid. Then cold liquid passes 
through the middle layer to 
absorb the environment energy. 
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14 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using Endothermic reactions to 
absorb environment energy to 
decrease the inside temperature. 
At here, the reaction is between 
salt (ammonium) and H2O. The 
switch at the top controls the 
release speed of the salt.  
 
15 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using Thermal Conduction to 
absorb environment energy to 
decrease the inside temperature. 
At here, the ice bag inserts into 
the middle chamber of the 
helmet. When the ice changes 
from solid phase to liquid phase, 
the inside of the helmet could 
keep cooling. 
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16 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using Endothermic reactions to 
absorb environment energy to 
decrease the inside temperature. 
At here, the reaction is between 
salt (ammonium) and H2O. The 
switch at the top controls the 
release speed of the salt. 
 
17 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using cooling system to absorb 
environment energy to decrease 
the inside temperature. At here, 
the pump powers the liquid flow 
through the middle layer of the 
helmet. Ice bags cover a portion 
of the pipe to cool its inside 
liquid. Then cold liquid passes 
through the middle layer to 
absorb the environment energy. 
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18 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Using gas release to absorb 
environment energy to decrease 
the inside temperature. At here, 
the ethanol (C2H5OH) is fulfilled 
in the middle layer of the helmet. 
The concentration of the ethanol 
is under 25%. When the release 
holes open, the inside 
temperature will decrease. The 
speed could control by the 
number of the holes. 
 
19 
The outside shell is made from 
disassemble material. When 
impact reaches the surface, if the 
value is over the threshold of the 
disassemble material, the 
collision place will be smashed 
into pieces. Each piece will 
decrease a portion of the impact 
energy; if the value is under the 
threshold, the out shell works as a 
hard shell. Under the disassemble 
shell layer, there is another inside 
hard shell layer to protect the 
inside of the helmet.    
Using inside foam to absorb the 
impact energy.  
Using buckle to fasten helmet on 
top of the head; 
Enlarge the front air intake holes. 
More air flows pass the inside of 
helmet to cool the skin 
temperature of drivers‟ head.  
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 Appendix IV: Sketch sub-ideas for the reasons of chain spill problem 
Reasons # Description Sketches 
Reason 
22 
1 
The chain bag is placed inside of the 
truss. The bag is fixed by sleeve Velcro.  
The strap is not used.  
 
 
 
2 
The chain bag is also placed inside the 
truss. The bag is hanged by string.  
The strap is not used.  
 
 
 
3 
Replace the strap by rigid bar 
connection (as the example). The bar is 
slim and away from the falling route of 
the chain (in example, the chain falls 
between the two connections).   
 
 
(http://www.liftturnmove.co.uk/) 
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4 
The bag is bound on the truss and 
unable to rotate during the operation. 
This method reduce the possibility of 
the collision between strap and chain 
 
 
 
5 The bag is bound on the truss. There is 
no strap.  
 
 
 
6 
Enlarge the open of the bag. Although 
there is collision between strap and 
chain, the chain will not flow over the 
bag.  
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7 
Using rigid frame to replace the strap 
to reduce the possibility of the collision 
between chain and bag (in the example, 
the bag is placed on the support frame).   
 
 
 
Reason 
2 
1 
Fabric hopper is used to replace the 
strap. The bag is covered by the 
hopper. If some place is cracked, the 
rest part is still strong enough to lift the 
bag. 
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2 
Using double layer strap (in example, 
the red colour is the layer 1 and the 
blue colour is the layer 2).  
 
 
 
Reason 
1 
1 
A pair of backup emergency straps 
connected on the bag. The string is 
fixed on the hoist at different place (the 
blue line in the example image).  
 
 
(http://www.cm-et.com/products/lodestar.aspx) 
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2 An emergent strap is also hanged at the 
same place as the ordinary strap.   
 
 
(http://www.cm-et.com/products/lodestar.aspx) 
Reason 
3 
1 
A double layers bag is used. When the 
inner layer breaks, the outer layer still 
works to stop chain spill out the bag (in 
the example is the cross section view). 
 
 
 
2 
Add a cushion layer inside of the bag 
to reduce the impact of the retracted 
chain (in the example, the bag is at the 
outside, the cushion is in the middle, 
and a rigid cylinder is inside). 
 
 
 
3 
Add another strap to crossly support 
the bottom of the bag (as the example, 
cross straps to support the bottom of 
the bag).  
 
 
(http://www.cm-et.com/ElectricChainHoists/Prostar) 
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Appendix V: Sketch combination ideas for chain spill project of Royal 
Albert Hall 
# Description Sketches 
1 
The falling route of the chain is 
guided by a tube fixed on the bag. 
The bag is bound on the truss. As 
the chain flow inside the guider, 
the chain spill problem will be 
solved.  
 
 
 
2 
The bag is covered by a fabric 
hopper. The hopper is made from 
attaching two pieces together.  
The bag is made double layers on 
its bottom. The chain flow through 
end open of the hopper. As strap is 
also covered inside of the hopper, 
the spill problem will be solved  
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3 
A cylinder rigid lining is placed 
inside the bag. The height of the 
lining is larger than the bag. The 
distance between the bag and the 
chain exit is reduced. The strap is 
strutted at the top and the 
possibility of the collision between 
strap and chain is reduced.  
 
 
 
4 
The strap is replaced by rigid bar. 
A plastic hopper is placed in the 
way of the chain falling route to 
guide to chain flow into the bag. 
The bag is hanged on the hoist 
using rigid bar. Two belts bind the 
bag on the truss to stop its 
fluctuation during the operation.  
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5 
At the chain exit of the hoist, a 
lubrication device is installed to 
sufficiently lubricate the chain. 
The retracted chain flows to the 
bag through the chain route guide. 
The detail structure of the guide is 
shown in Figure. Its big open end 
is horizontally placed below the 
hoist and aligned to the chain 
falling route. The small open end 
is aligned to the centre of the chain 
bag, which is placed inside the 
truss and support by a frame fixed 
on the truss using rigid 
connections. 
 
 
 
 
6 
Similar as the idea 5. The 
difference is the new designed 
chain bag. A bag supporter plate is 
fixed at the bottom of the truss. A 
gladiator is used to make sure the 
truss is horizontal. When the chain 
flows into the bag. It will flow to 
the bottom along with the arc-
shaped surface of the bag.  
 
 
 
 
